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No one antihypertensive agent is appropriate and sideration, such as children or those with renal 
effective for all patients, and ALDOMET* (Methyldopa, impairment (see Prescribing Information for details 


MSD) is no exception. But it is logical therapy for a wide on dosage). 

range of hypertensives. Logical because it lowers blood ALDOMET (Methyldopa, MSD) is contraindicated 

pressure apparently by lowering peripheral resistance— in active hepatic disease, hypersensitivity to the drug, 

while cardiac output is usually maintained. and if previous methyldopa therapy has been 

Highly effective in mild, moderate, or severe hyper- associated with liver disorders. 

tension, ALDOMET is useful when there has been an It is important to recognize that a positive Coombs 

inadequate response to initial thiazide therapy, or as test, hemolytic anemia, and liver disorders may occur 

initial therapy when thiazides are inappropriate or with methyldopa therapy. The rare occurrences of 
-contraindicated (for example, when the patient is hemolytic anemia or liver disorders could lead to 

hypersensitive to sulfonamide-derived drugs). It is potentially fatal complications unless properly recog- 

also appropriate for many hypertensive patients for nized and managed. For more details, please see the 

whom the selection of a drug requires special con- brief summary of prescribing information. 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy, 1095 to 2096 of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
ncidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not in itself a contraindication to 
use of methyldopa. If a positive Coombs test 
Gevelops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
At the start of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cel! 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
rue problems may arise in the major 22) 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy. 
occasionally with eosinophilia or abnormalities in 
liver function tests, suchas serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol floceulation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phcsphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma 

It is important to recognize thts phenomenon before a 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
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lar disease. Patients may require reduced doses ' 
anesthetics; hypotension occurring during ane: 
thesia usually can be controlled with vasopressor 
Hypertension has recurred after dialysis in patier 
on methyldopa because the drug is removes? 
procedure. 
Adverse Reactions: Central nervous system: S 
tion, headache, asthenia or weakness, usually 
and transient; dizziness, lightheadedness, s 
toms of cerebrovascular insufficiency, paresthes 
parkinsonism, Bell's palsy, decreased mental ac: 
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disturbances, inclucing nightmares and reve 
mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of a 
pectoris. Orthostatic hypotension (decrease 
dosage). Edema (anc weight gain) usually reliev 
use of a diuretic. (Discontinue methyldapa if e 
progresses or signs of heart failure appear. ) 
Gastrointestinal: Nausea, vomiting, distention, 
stipation, flatus, diarrhea, mild dryness of mc 
sore or "black" tongue, pancreatitis, siaiadenit 
Hepatic: Abnormal liver function tests. jaun: 
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Hematologic: Positive Coombs test, hemolytic 
mia. Leukopenia, granulocytopenia, thrombo 
penia. Positive tests for antinuclear antibod: 
cells, and rheumatoid factor. 
Allergic: Drug-relatec fever, lupus-like syndr: 
myocarditis. 
Other: Nasal stuffiness, rise in BUN, breast enla 
ment, gynecomastia. lactation, impotence, 
creased libido, dermatologic reactions incluc * 
eczema and lichenoid eruptions, mild arthralc 
myalgia. 
Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usuall: 
between second and third months of therapy 
increased dosage or racing a diuretic trequentl 
restores effective control. Patients with impaired 
renal function may respond to smaller doses 
Syncope in older patients may be related to increase; 
sensitivity and advanced arteriosclerotic vaseula 
disease; this may be avoided by lower doses. ; 
How Supplied: Tablets. containing 125 mg metti 
dcpa each, in bottles of 100; Tablets, containin 
250 mg methyldopa each, in single-unit packag 
100 and bottles of 100 and 1000; Tablets, acm 
900 mg methyldopa each, in single-unit $aCkages of 
100 and bottles of 100 and 500 ; 
For more detailed information, con- MEI L. 
sult your MSD representative or see ^ 
full prescribing information. Merck 
Sharp & Dohme, Divisian of Merck & 
Co., INc., West Point, Pa. 19486 
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'Dyrenium' Has 
an Additive Effect. 


When used with another diuretic, initial. — 
dosage of both agents should usually be 
reduced; careful supervision and dosage 
adjustment are required. K* supple- 
ments should be discontinued and not 
reinstituted unless hypokalemia 
develops or dietary Kt intake is 
markedly reduced. K+ supple- 

ments are contraindicated when 
"Dyrenium' is used alone. Hyper- 
kalemia can occur, but it is rare 

when renal function is normal. 

Serum K* and BUN should be 
checked regularly (see Warn- 

ings below). 


1. Donaldson, E.K., et al.: Brit. 
$ M.J. 1:1254-5 (May 22) 1976. 





























Before prescribing, see complete prescribing information in SK&F - 
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anticipated benefits against possible hazards to the fetus, including adverse : 


reactions which have occurred in the adult. Triamterene may appear 
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/ possible rebound kaliuresis. 
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Patient activated mode and voice recordings simplify 
detection of €CG abnormalities and accurate correlation with 
symptoms or activity being investigated. 


For a demonstration or further information write or cal! collect 
Cardiodyne Incorporated 19289 Stevens Creek Boulevard Cupertino, California 95014 408:955 9588, 
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DISSOLUTION 


® ready in seconds instead of minutes 


pleasant citrus flavor 


each packet delivers 20 mEq of potassium 
and chloride 


easily carried in patient’s pocket or purse 


can be mixed with water or other liquid for 
pleasant daily dosage 


sugar, sodium, carbohydrate and dye free 


Give your patients the KLORVESS sparkle 


Please see brief summary of prescribing information on adjoining page 





Give your patients 
the KLORVESS sparkle 


Klorvess® Effervescent Granules and 
Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: Klorvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate C.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-freeeffervescentformulation. Dissolutionofthe packet 
contents in water provides the potassium and chloride available 
for ora! ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: Inresponse to arise in the concentration of body 
potassium, renal excretion of the ion is increased. Inthe presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly witn meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications? Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapida lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules— packages of 
30 packets (2.8 g each). K/orvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: K/orvess Effervescent 
Granules— packages of 1000 packets; Klorvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 
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...during episodes of motional stress or physical exertion 


SUMMARY OF PRESCRIBING INFORMATION 


Indications: Based on a review of this drug by The National Academy 
of Sciences— National Research Council and/or other information. 
FDA has classified the indications as follows: 

Probably effective: The chewable dosage form of SORBITRATE 
is indicated for the treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks 


Final classification of the less-than-effective indications requires 
further investigation 


Contraindications: A history of sensitivity to the drug 

Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may 
be severe and persistent. Lowering the 
dose and using analgesics will help control 
the headaches which usually diminish or 
disappear as therapy is continued 


Up to 2 hours of angina 


bral ischemia associated with postura! hypotension; individual marked 
sensitivity to the hypotensive effects of nitrates wherein severe responses 
can occur even with the usual therapeutic dose (alcohol may enhance 
this effect): drug rash and/or exfoliative dermatitis 

ULUED IT EUIS EET physiologicalantagonisttonorepinephrine, acetyl- 
choline, histamine and other agents 
Dosage and Administration: Individua! Dose: To minimize hypotensive 
responses, which may occasionally be severe with chewable doses a 
low as 5 mg. the smallest effective dose should be employed. Chewable 
tablets are generally given in doses of 5 mg 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE®S 
“sosorbide dinitrate) may be taken fo 
prompt relief of angina pain three or four 
times daily. Although the onset and dura- 
tion of effect of coronary nitrates may 


E LU 
rotection. At mealtime zes. neris 
Adverse reactions seen occasionally: m range of these values for CHEWABLE 


Cutaneous vasodilation with flush- 
ing; transient dizziness and weak- 
ness as well as other signs of cere- 


SORBITRATE 


B 
Onset oft Effect: Two tofiveminutes 
e Durationof Effect Onetotwo hours 


CHEWABLE SORBITRATE 


(ISOSORBIDE DINITRATE) 


ES STUART PHARMACEUTICALS Division ot IC! Americas Inc. Wilmington, DE 19897 


omg.and 10mg. 
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CLINICAL STUDIES 


1 Atrial Induction of Ventricular Tachycardia: Reentry Versus Triggered Automaticity 
DOUGLAS P. ZIPES, PETER R. FOSTER, PAUL J. TROUP and DONAL H. PEDERSEN 


^W 


Atrial stimulation induced sustained ventricular tachycardia in two young patients with mitral valve prolapse and 
in one young patient with mild hypertension. During the episodes of ventricular tachycardia rapid atrial stimula- 
tion captured the ventricles in each patient and normalized the QRS complex. The mechanism of ventricular 
tachycardia in one patient was reentrant excitation and in another triggered automaticity. The evidence suggests 
that the ventricular tachycardia probably originated in a small, relatively protected region of reentry or automa- 
ticity located in the posterioinferior left ventricle and was not due to macroreentry. 


9 Occult Thyrotoxicosis: A Correctable Cause of “Idiopathic” Atrial Fibrillation 
J. COLIN FORFAR, HUGH C. MILLER and ANTHONY D. TOFT 


Although thyrotoxicosis has long been recognized as a major cause of atrial fibrillation, accounting for 14 per- 
cent of reported cases, clinically occult thyrotoxicosis may be missed in patients with atrial fibrillation and nor- 
mal serum thyroid hormone levels. This diagnosis was made in 13 percent of 75 consecutive patients with atrial 
fibrillation and no obvious cardiovascular cause presenting to a cardiac clinic. These 10 patients, predominantly 
male, showed a lack of response of serum thyrotropin to thyrotropin-releasing hormone (indicating thyrotoxi- 
cosis), no clinical signs of thyrotoxicosis and a relative excess of nonpalpable autonomous thyroid nodules dem- 
onstrated with scintigraphy. Eight of the 10 patients had reversion to stable sinus rhythm after treatment with io- 
* dine-131 or carbimazole, either spontaneously or after direct current cardioversion. 


13 Doughnut Pattern of Technetium-99m Pyrophosphate Myocardial Uptake in Patients With Acute 
Myocardial Infarction: A Sign of Poor Long-Term Prognosis 


MASOOD AHMAD, K. WILLIAM LOGAN and RICHARD H. MARTIN 


In this study of 30 survivors of acute myocardial infarction the ‘‘doughnut’’ pattern of technetium-99m pyrophos- 
phate myocardial uptake identified a subgroup of patients with a very poor long-term prognosis. Late complica- 
tions developed in all patients with this pattern compared with 43 percent of those with the focal pattern (16 pa- 
tients) and 12 percent of those with the diffuse pattern (8 patients). All six patients with this pattern had an ante- 
riorly located myocardial infarction. The ‘‘doughnut’’ pattern of technetium-99m pyrophosphate uptake is attrib- 
uted to absent radiopharmaceutical accumulation in the central nonperfused portion of a large myocardial infarc- 
tion. Patients with this pattern may have a relatively uncomplicated initial hospital course but subsequently have 
high complication and mortality rates. 


— 


18 Predictive Accuracy of Q-X/Q-T Ratio, Q-Tc Interval, S-T Depression and R Wave Amplitude During 
S Stress Testing 
y~ PAUL S. GREENBERG, DAVID A. FRISCIA and MYRVIN H. ELLESTAD 
é? Stress testing data in 50 healthy normal people and in 50 patients with angiographic coronary artery disease 


consisting of 70 percent or greater stenosis of one or more major coronary vessels showed no improvement in 
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The kidney is the key to long-term 


pressure regulation 


The kidney-not the heart-is the key to long-term arterial 
pressure control. The kidney raises blood pressure 
whenever sodium excretion is inadequate. Diuretics help 
the kidney excrete sodium, reduce fluid volume and lower 


blood pressure. 


The Hygroton benefit: continuous help 


No diuretic blocks sodiu 


im retentio ela 
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Once-daily Hygroton provides uninterrupted activity to help the 


kidney excrete sodium and wate 


er and reduce blood pressur 
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In mild hypertension: conservative therapy 


Low-dose YO TOR 25 mg. provides a favorable risk/benefit 


ratio. As with all thiazide and thiazii 


azide-like diuretics, it is possib 


tO 1 develop certain electrolyte and other imbalances naag 


hypokalemia and hyperuricemia. However, three doul 


studies! 


3 demonstrated effectiveness with mean serum 


olcu olila 


potassium and uric acid levels remaining in the ñormal range 


in\mild hypertension 


-dose 


Hygroton25::.... 
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Qiver ^5 withholding or discontinuing diufetic W AR 
ChLrthalidone and related drugs may decfeaSB serum 
PBI levels without signs of thyroid distutbafige | 
Adverse Reactions: Anorexia, gastric irritatiOn nausea 
womiting, cra.nping, diarrhea, constipation, jaundice 


$ reducec 
| How 


It aid 25 mg (peach) in bottles of 100 and 1000 


(iMtrahepatic cholestatic jaundice), pancreatitis; dizziness, 
veitigo, paresthesias, headache, xanthopsia; leukopenia, 
agfanulocytosis, thrombocytopenia, aplastic anemia 
pufpura, photosensitivity, rash, urticaria. necrotizing angiitis 
(vasculitis) (cutāneovs vasculitis), Lyell's syndrome (toxic 

Didermal necrolysis). Orthostatic hypotension may occur 
andimay be aggravated by alcohol, barbiturates or 
fafGotics. Other adverse reactions include hyperglycemia, 
@lyGOsuria, hyperuricemia, muscle spasm, weakness, 
restiéssness, impotence. Whenever adverse reactions are 
mødēräte or severe, chlorthalidone dosage should be 

or therapy withdrawn. Usual Dose: One tablet daily 

plied: Tabiets—100 mg. (white, scored), 50 mg. 


nitedosetblister packs, boxes of 100 (10 x 10 strips). Also, 


100 mg. and 50 mg. in PAKs of 28 tablets. boxes of 6 
References: 1. Finnerty, F.A. Jr.: Managing Mild Hyper- 
tension: A low-dose approach, Scientific Exhibit presente 
at Amer. Coll. Cardiol. 28th Annual Scientific Session, 
Miami Beach, Fla., Mar. 11-15, 1979. 2. Materson, B.J. et 
Dose response to chlorthalidone in patients with mild hyp 


tension, Clin. Pharmacol. Ther. 24:192, 1978. 3. Data ón f 
USV Laboratories Inc. 


USV USV Laboratories Inc. 
LABORATORIES Manati, PF. 00701 





bentley..the Blood Pressure ransducer 
of choice forall 

98/9 99/97 

pressure applications. 


_ BENTLEY LABORATORIES, INC. ! strong Aven Avenue - Irvine, California 92714 
gnus AR bene (714) 546 - Telex: 68-5503 BENT LAB IRIN 


Vet 25 meg! Z Aen è * zt 
In kurohe contact BENTLEY LABORATORIES EUROPE - Postbus 169 - Energielaan 3 - Uden, Holland - Phone: 04132-66995 - Telex: 50117N! 
i bus n oe MNA at 





pr 
-& 





CONTENTS 


B! sensitivity, specificity or predictive value of the Q-X/Q-T and Q-Tc criteria over S-T segment depression criteria. 
Upsloping S-T segment depression of 1.5 mm or more 80 msec from the J point in the immediate post-exercise 
period is most likely a positive test for ischemia. An increase or no change in R wave amplitude in response to 
exercise in these patients probably indicates coronary artery disease. In patients with upsloping S-T segment 
depression, a Q-Tc interval of 1.08 or more in the immediate post-exercise period is a useful measurement in 
predicting coronary artery disease. 


24 Noninvasive Evaluation of the Athletic Heart: Sprinters Versus Endurance Runners 
MARKKU J. IKAHEIMO, ILKKA J. PALATSI and JUHA T. TAKKUNEN 


These data obtained by physical examination, electrocardiography, chest X-ray film and echocardiography in 10 
sprinters, 12 endurance runners and 13 sedentary control subjects clearly show differences in the heart among 
these groups. Intensive sprinter training seems to dilate the left ventricle but causes less increase in wall thick- 
ness and mass than training for endurance running and no change in left ventricular function or left atrial size. 
On the other hand, endurance running causes left ventricular dilatation equal to that of sprinter training, greater 
wall hypertrophy, improved systolic emptying of the left ventricle and dilation of the left atrium. 


1 Submitral Calcification or Sclerosis in Elderly Patients: M Mode and Two Dimensional 
Echocardiography in “Mitral Anulus Calcification” 


IVAN D'CRUZ, FRANK PANETTA, HOWARD COHEN and GERALD GLICK 


Echocardiographic studies in 84 elderly patients showed in 82 posterior submitral calcification (usually called 
"mitral anulus calcification’’) located in the angle between the posterior mitral leaflet and left ventricular posteri- 
or wall, rather than in the mitral anulus proper. Anterior submitral calcification was visualized in 12 patients (10 
also had posterior submitral calcification). Because calcific deposits do not appear to be located in or to arise 
from the true mitral anulus, the terms anterior and posterior submitral calcification are more appropriate than 
mitral anulus calcification. Both of these conditions were demonstrated more clearly with two dimensional than 
with M mode echocardiograms. 


39 Quantitation of Coronary Arterial Narrowing at Necropsy in Sudden Coronary Death: Analysis of 31 
Patients and Comparison With 25 Control Subjects 


WILLIAM C. ROBERTS and ANCIL A. JONES 


Comparison of quantitative data concerning the degree and extent of luminal narrowing in each of the four major 
epicardial coronary arteries in 31 patients who died suddenly from coronary heart disease with similar data in 25 
control patients revealed that coronary atherosclerosis in the former group was usually a diffuse process involv- 
ing practically all segments of all four major epicardial coronary arteries. These changes were independent of 
sex or age, the presence or absence of previous angina pectoris, cardiac weight or transmural left ventricular 
scars at autopsy. The degree of severe narrowing in the distal half of the right, left anterior descending the left 
circumflex coronary arteries in the study and control patients was just as great as in the proximal half of these 
arteries. 


EXPERIMENTAL STUDIES 


46 Assessment of Drug Intervention on the Ischemic Myocardium: Serial Imaging and Measurement With 
Computerized Tomography 


W. JOHN POWELL, Jr., JACK WITTENBERG, STEPHEN W. MILLER, RICHARD A. MATURI and 


~N ROBERT E. DINSMORE 
LJ 
3 
These results in arrested and scanned canine hearts confirm that computerized tomography in such hearts can 
í detect and quantitate the edematous lesion of early acute myocardial ischemia and the effect of drug interven- 
D? Continued on page A17 












“INDICATIONS —Based on a review of this 
drug by the National Academy of Science- 
National Research Council and/or other in- 
formation. FDA has classified the indication 
as follows: 












* 

|. "Possibly" effective: For long-term therapy 
of chronic angina pectoris. Prolonged 
therapy may reduce the frequency or elim- 

j * inate anginal episodes, improve exercise 
d tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the 
acute anginal attack. 
Final classification of the less-tnan-effective 
indications requires further investigation. 
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CONTRAINDICATIONS—No 
specific contraindications are 
known. 


PRECAUTIONS—Since exces- 
sive doses can produce pe- 
ripheral vasodilation, the drug 
should be used cautiously in 
patients with hypotension. 


ADVERSE REACTIONS— 
Adverse reactions are minimal 
and transient at recommended 
dosages. Instances of head- 
ache, dizziness, nausea, flush- 
ing, weakness or syncope, mild 
gastrointestinal distress and 





we Io/ridamole a 


skin rash have been noted dur- 
ing therapy. Rare cases of what 
appeared to be an aggravation 
of angina pectoris have been 
reported, usually at the initia- 
tion of therapy. On those un- 
common occasions when ad- 
verse reactions have been 
persistent or intclerable, with- 
drawal of medication has been 
followed promptly by cessation 
of undesirable symptoms. 


DOSAGE AND ADMINISTRA- 
TION—The recommenaed dos- 
age is 50 mg (2 tablets) three 






antine 


» Theartof the heart... 


VN 4 
times a day, taken at least one 2 
hour before meals. In some 
cases higher doses may be nec* 
essary but a significantly 
increased incidence of side 
effects is associated with in- 
creased dosage. Clinical re- 
sponse may not be evident be- 
fore the second or third -— 
month of continuous therapy. = 
Tablets of 25 mg 

For complete details, please set 

the full prescribing information. 
Boehringer Ingelheim” 


Boehringer Ingelheim Ltd. 
Ridgetield, CT 06877 
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“Greek Heart”. 19th century 
Greek ex-voto heart from 
Mykonos. 









Persantine is a non-nitrate 
coronary vasodilator, with 

no known contraindications, 
for the long-term therapy 

of chronic angina pectoris* 
The key to Persantine efficacy: 
give enough...long enough. * 
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` tion (hyperosmotic mannitol) to reduce intracell edema. Computerized tomographic images demonstrated that 
hyperosmotic mannitol significantly diminished the severity of edema in the posterior papillary muscle after 45 
minutes of occlusion of the proximal circumflex artery and 15 minutes of reflow of blood. Application of imaging 
studies to the beating human heart will depend on progress in defining cardiac structures with the use of 
gating. 


EPIDEMIOLOGY 


53 Prognosis After Initial Myocardial Infarction: The Framingham Study 
WILLIAM B. KANNEL, PAUL SORLIE and PATRICIA M. McNAMARA 


During the 20 years after their first examination in the Framingham study, 21 percent of the men and 11 percent 
of the women in the cohort had a clinical manifestation of coronary heart disease. An unrecognized myocardial 
infarction was detected chiefly on a routine biennial electrocardiographic examination in 45 men and 28 women. 
About 19 percent of infarctions in men and 35 percent in women were unrecognized. Less than 4 percent of un- 
recognized myocardial infarctions in the cohort were discovered at autopsy. These data indicate that a man in 
the general population has a 19 percent chance of dying in the 1st year after his recognized myocardial infarc- 
tion. Survivors after the 1st year have a 5 percent/year chance of dying in the next 10 years. 


60 Familial Occurrence of Coronary Heart Disease: Effect of Age at Diagnosis 
AILA M. RISSANEN 


This study of 309 Finnish men demonstrates a strong familial component in myocardial infarction that occurs at 
an early age and causes an up to 10-fold excess risk of the disease for relatives. This component decreases 
steeply with advancing age until it is negligible in myocardial infarction that first presents in late middle age. AI- 
though, this familial component cannot be interpreted in simple genetic terms, the genetic determination of this 
disease is strong enough to outweigh any regional environmental effects. Family history may be the only means 
of distinguishing the truly high risk persons in populations with a high frequency of modest risk factor abnormali- 
ties. Early identification of the susceptible persons from a family history may uncover familial hyperlipidemias 
and hypertension that, with correction, may improve an otherwise pessimistic prognosis. 


METHODS 


67 Sensitivity and Specificity of MB Creatine Kinase Activity Determined With Column Chromatography 
WILLIAM E. SHELL, MIRIAM KLIGERMAN, M. PATRICIA RORKE and MICHAEL BURNAM 


An improved column chromatographic assay with a lower limit of analytic detection of 0.8 mIU/ml proved a sen- 
sitive, specific method of estimating MB creatine kinase activity and was more precise than current electropho- 
retic methods. Results from normal subjects and 100 randomly selected hospitalized patients consistently dem- 
onstrated an MB CK activity level of less than 5 mIU/ml (100 percent specificity). Peak MB CK activity closely 
correlated with kinetic analyses used to estimate infarct size. This assay does not separate MB CK from BB CK 
activity. In patients with suspected ischemic heart disease in whom speed and quantitation are desirable, column 
chromatographic procedures offer a sensitive and specific technique suitable for automation. 


PEDIATRIC CARDIOLOGY 


76 Use of Prostaglandin E, in Infants With d-Transposition of the Great Arteries and Intact Ventricular 


Septum 
PETER LANG, MICHAEL D. FREED, FREDRICK Z. BIERMAN, WILLIAM |. NORWOOD, Jr. and 
N. ALEXANDER S. NADAS 
: 
Prostaglandin E, used to treat five newborns with d-transposition of the great vessels, intact ventricular septum 
ue and persistent severe hypoxemia after the creation of an interatrial communication, dramatically improved sys- 
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- temic arterial oxygen saturation associated with dilatation of the ductus arteriosus in three, but produced no clini- ; 
* cal evidence of increased ductal shunting or improved oxyen saturation in the other two infants. On the basis of 
this experience these investigators recommend the use of this substance in infants with d-transposition of the 
great arteries with intact ventricular septum when there is severe hypoxemia or acidosis, or both, after the cre- 
ation of an adequate interatrial communication and when an open ductus arteriosus can be demonstrated. Such 
treatment should be continued for as short a time as possible to allow for the normal decrease in pulmonary re- 
sistance. 





82  Echocardiographic Screening To Assess the Severity of Congenital Aortic Valve Stenosis in Children 
JOHN L. BASS, STANLEY EINZIG, CHANG YEE HONG and JAMES H. MOLLER 


Echocardiographic and cardiac catheterization studies in 27 children with isolated aortic valve stenosis revealed 
that the echocardiographic ratio of systolic left ventricular wall thickness to internal dimension (Ws/Ds) correlat- 
ed better than the diastolic ratio with peak left ventricular systolic pressure. However, a significant variation pre- 
vented a precise estimate of peak left ventricular systolic pressure from the echocardiogram. Eight of 27 pa- 
tients had a normal Ws/Ds ratio (0.55 or less) and their cardiac catheterization studies revealed mild aortic ste- 
nosis not requiring operation. In contrast, clinical criteria based on the Joint Natural History Study identified only 

me three patients with mild aortic stenosis. If additional prospective studies support these results, echocardiography 
could prove useful in the noninvasive evaluation of children with aortic valve stenosis. 


Y 8 Left Ventricular Outflow Tract Obstruction in Transposition of the Great Arteries: An Angiographic 
ony Study of 74 Cases 
ét 


l; : MARA SANSA, INA L. TONKIN, LIONEL M. BARGERON, Jr. and LARRY P. ELLIOTT 


Using an axial cineangiographic technique in 225 children with transposition of the great vessels, these investi- 
gators found significant left ventricular outflow tract obstruction with or without coexisting ventricular septal de- 
fect in 33 percent. An associated ventricular septal defect was found in 22 percent. These results confirm that 
such axial views, in comparison with the anteroposterior and lateral views, allow more precise visualization of 

J the left ventricle and its outflow tract, the pulmonary valve, the ventricular septum and the morphologic features 
and movement of the mitral valve. 


96 Prognosis for the Newborn With Transposition of The Great Arteries 
HOWARD P. GUTGESELL, ARTHUR GARSON and DAN G. McNAMARA 


4 The clinical course of 112 consecutive neonates with dextrocardia managed with balloon atrial septostomy at 
initial cardiac catheterization, palliative operation if needed in the 1st year of life and Mustard’s intraatrial baffle 
repair was subjected to actuarial analysis. The results indicate that 50 percent will survive 5 years with excellent 

J function and an additional 15 to 20 percent will survive with one or more medical handicaps. Such management 
has substantially improved the prognosis for the newborn with transposition of the great arteries, but consider- 
able risks of mortality and morbidity remain. These include a mortality rate of about 10 percent in the neonatal 
period, a 10 to 15 percent risk of stroke or death between balloon septostomy and baffle repair, an operative 
mortality rate of about 10 percent at baffle repair and a late postoperative mortality rate of 8 percent. 


101 Congenital Bilateral Subclavian Steal. Ductus-Dependent Symptoms in Interrupted Aortic Arch 
Associated With Ventricular Septal Defect 


OTTO L. GARCIA, FRANCISCO A. HERNANDEZ, DOLORES TAMER, CATHERINE POOLE, 
HENRY GELBAND and AGUSTIN W. CASTELLANOS 


Angiocardiographic and hemodynamic data in two children with complex cardiac anomalies and congenital bilat- 
eral subclavian steal support the hypothesis that the regional blood flow to the head and upper limbs depends on 
the presence and internal diameter of the ductus arteriosus. The presence of a large ventricular septal defect, 
which equalizes systolic pressures in both ventricles and both great vessels, may also contribute to the steal 
syndrome. If either the septal defect or the ductus decreases in size, the diminution in pressures in the pulmo- 
nary artery and descending aorta results in a decrease in the anterograde flow to the aberrant subclavian arteries 
and the appearance of the symptoms of subclavian steel in (1) patients with severe coarctation or interruption 
of the aorta in which both subclavian arteries arise distal to the obstruction, or (2) patients with isolated atresia 
E" of the proximal segment of the subclavian arteries. 
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Introducing Burdick's ExTOL ..... the coordinated 
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lengths, selection, standardizations, sensitivity settings, pa- 
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Heated styli and new BlueTrace paper produces clear, ac- 
curate, smudge-free ECG tracings. 
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ity. Clear, easy-to-read, digital heart rate meter with range 
from 12-240 beats per minute. Heart-rate-limit alarm 
available. 
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REPORTS ON THERAPY 


Effect of Surgical Versus Medical Therapy on Return to Work in Patients With Coronary Artery 
Disease 


KARL E. HAMMERMEISTER, TIMOTHY A. DeROUEN, MILTON T. ENGLISH and HAROLD T. DODGE 


In this provocative study surgical therapy was no more effective than medical therapy in maintaining full-time 
employment in a Seattle Heart Watch registry of patients who had had coronary angiography. The surgical cohort 
was more symptomatic, had more exercise impairment and more severe coronary disease. The medical cohort 
had more left ventricular dysfunction and a greater incidence of ventricular arrhythmias. In both groups the em- 
ployment status (working full time or not working full time) 3 months before catheterization or surgery was the 
strongest single predictor of continued full-time employment. This was followed by age, years of education, 
functional class before and period of time not working before catheterization or surgery. 


112  Unstable Angina Pectoris: A Comparison of the Costs of Medical and Surgical Treatment 


EDGAR D. CHARLES, Jr., JENNIE J. KRONENFELD, JOHN B. WAYNE, NICHOLAS T. KOUCHOUKOS, 
ALBERT OBERMAN, WILLIAM J. ROGERS, JOHN A. MANTLE, CHARLES E. RACKELY and 
RICHARD O. RUSSELL, Jr. 


This study of inpatient hospital costs of therapy of patients with unstable angina pectoris shows that the mean 
charges were $4,728 for 22 medically treated patients, $9,528 for 34 surgically treated patients and $20,215 for 
18 patients who crossed over from medical to surgical therapy. Because medically treated patients whose thera- 
py failed and who subsequently required surgery incurred mean costs twice those of the surgically treated pa- 
tients and four times those of patients who received only medical therapy, these investigators urge reassess- 
ment of previous criticism of the high cost of surgical therapy. A history of congestive heart failure, the number 
of infarctions, the duration of the longest anginal attack, the type of unstable angina and the type of treatment 
were significant predictors of total inpatient cost. 


118  Propranolol in Angina Pectoris: Duration of Improved Exercise Tolerance and Circulatory Effects After 
Acute Oral Administration 


UDHO THADANI and JOHN O. PARKER 


Single oral doses of 80 and 160 mg of propranolol in 11 patients with stable exercise-induced angina pectoris 
significantly increased treadmill walking time to the onset of angina, the total duration of exercise and the total 
external work. The improvement persisted unchanged for 8 hours and was still better, but less marked, at 12 
hours. These results suggest that administration of propranolol twice daily should be adequate in treating pa- 
tients with stable angina pectoris and that routine measurement of plasma propranolol levels is of little practical 
value in such patients. The improvement in exercise tolerance after a single oral dose of propranolol, which per- 
sists for 8 to 12 hours, can be predicted from the response seen at 1 hour. 


126  Cardiocirculatory Effects of Afterload Reduction With Oral Trimazosin in Severe Chronic Congestive 
Heart Failure 


NAJAM A. AWAN, JOHN HERMANOVICH, CHARLES WHITCOMB, PEGGY SKINNER and 
DEAN T. MASON 


Concomitant cardiac catheterization and forearm plethysmographic studies in nine patients with severe chronic 
congestive heart failure due to coronary disease objectively demonstrated the considerable hemodynamic bene- 
fit of oral trimazosin in cardiac dysfunction. Ingestion of 100 to 300 mg within 60 minutes simultaneously de- 
creased the greatly elevated left ventricular filling pressure, augmented decreased cardiac output to normal and 
improved left ventricular pump efficiency most likely by dilating both the systemic arteriolar resistance and ve- 
nous capacitance beds. 


“a 132 Acute Effects of Oral Propranolol on Hemodynamic Responses to Upright Exercise 


ROBERT A. BRUCE, KENNETH F. HOSSACK, FUSAKO KUSUMI and L. JOHN CLARKE 


Observations were made on the acute changes in aerobic capacity, relative aerobic requirements and hemody- 
namic responses to the upright position, to graded levels of exercise and to symptom-limited capacity and initial 
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summary of prescribing information 
DURAQUIN® (quinidine gluconate tablets) Sustained Release 
CLINICAL PHARMACOLOGY: In clinical studies, single doses of Duraquin produced a 


mean maximum plasma level at 2 hours which was maintained for 12 hours. This broad pla- 


teau indicates slow, continuous absorption from the gastrointestinal tract 

In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 hours, pro- 
duced steady state (equilibrium) plasma levels shortly after 24 hours. The average quini- 
dine plasma levels (Cramer and Isaksson assay ') were 0.81 mcg/ml and the mean peak 
levels were 1.16 mcg/ml in a group of normal male subjects weighing 75 Kg. Following the 
last dose at steady state, quinidine plasma levels decreased at an approximate rate of 
50% in 10 hours. This compares to the expected plasma half-life of 6.3 hours for quinidine 
sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with dosage 
While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5 to 9 mcg/mi have been re- 
ported, these values are based on peak plasma levels determined by the less specific 
Edgar and Sokolow assay?This procedure yields quinidine levels averaging 2296 higher 
than the Cramer and Isaksson assay. Plasma levels vary considerably in patients receiving 
identical doses. Therefore, it is advisable to adjust the dosage by monitoring p'asma quini- 
dine levels. 


INDICATION: Duraquin tablets are indicated for the prevention of premature atrial, nodal, 
or ventncular contractions. They are also indicated for the maintenance of normal sinus 


rhythm following spontaneous reversion or electrical conversion of atrial, nodal, or ventricu- 


lar tachycardia, atrial flutter and fibrillation (either paroxysmal or chronic). 
"Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasma. Scandina- 


Vian J. Clin. & Lab. Investigation 15, 553, 1963. 
"Edgar, A.L. and Sokolow. M. Experiences with the Photofluorometric Determination of * 
Quinidine in Blood. J. Lab. Clin. Med. 36, 478, 1950 


PD-JA-2299-1-P (3-79) : 


fAQUIN 
QUINDINE GLLICONATE TABLETS) 


sustained-release tablets, 330 mg 


id — PARKE-DAVIS 
d DITS o 24.11] | b ue 


COST IS APPROXIMATELY 2096 LESS THAN OTHER 
LONG-ACTING QUINIDINE GLUCONATE THERAPY.” 


*The quantity of drug and frequency of administration needed to achieve desired.clinical results 
must be determined for each patient. 





CONTRAINDICATIONS: 1. History of hypersensitivity to quinidine manifested by throm- 
bocytopenia, skin eruption, febrile reactions, etc. 

2. Complete A-V block. 

3. Complete bundle branch block or other severe intraventricular conduction defects ex- - 
hibiting marked QRS widening or bizarre complexes. 

4. Myasthenia gravis. 

5. Arrhythmias associated with digitalis toxicity. 

WARNINGS: 1. (a) In the treatment of atrial fibrillation with rapid ventricular response, ven- 
tricular rate should be controlled with digitalis glycosides prior to administration of 
quinidine. 

(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm may be pre- 
ceded by progressive reduction in the degree of A-V block to a 1:1 rátio resulting in an ex- 
tremely high ventricular rate. This potential hazard may be reduced by digitalization prior to 
administration of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is nec- - 
essary, digoxin dosage should be reduced and plasma concentration should be 
monitored and patients observed closely for digitalis intoxication. 

2. Quinidine cardiotoxicity may be manifested by increased PR and QT intervals, 50% vidi 
ening of QRS, and/or ventricular ectopic beats or tachycardia. Appearance of these toxic" 
signs during quinidine administration mandates immediate discontinuation of the drug. 
and/or close clinical and electrocardiographic monitoring. Note: Quinidine effect is 
enhanced by potassium and reduced in the presence of hypokalemia. 

3. "Quinidine Syncope” may occur as a complication of long-term therapy. It is manifested 
by sudden loss of consciousness and ventricular arrhythmias with bizarre QRS complexes. 
This syndrome does not appear to be related'to dose or plasma levels but occurs more of- 


ten with prolonged OT intervals. 
Brief summary continued on following page 
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(QUINIDINE GLUCONATE 
| TABLET S) sustained-release tablets, 330 mg 


Briefsummary continued from previous page. 


«* "Because quinidine antagonizes the effect of vagal excitation upon the atrium and the 
A-V node, the administration of parasympathomimetic drugs (choline esters) or the use of 
any other procedure to enhance vaga! activity may fail to terminate paroxysmal supraven- 
tricular tachycardia in patients receiving quinidine 
5. Quinidine should be used with extreme caution in: 

a) The presence of incomplete A-V block, since a complete block and asystole may result. 
Quinidine may cause unpredictable abnormalities of rhythm in digitalized hearts. There- 
fore, it should be used with caution in the presence of digitalis intoxication (see 1. (b) above) 
b) Partial buncle branch block. 

C) Severe congestive heart failure and hypotensive states due to the depressant effects of 
quinidine on myocardial contractility and arterial pressure 

d) Poor renal function, especially rena! tubular acidosis, because of the potential accumu- 
lation of quinidine in plasma leading to toxic concentrations 

PRECAUTIONS: 

1. Test Dose —A preliminary test dose of a single tablet of quinidine sulfate should be ad- 
ministered prior to the initiation of the sustained release gluconate to determine whether 
the patient has an idiosyncrasy to the Quinidine molecule 

2. Hypersensitivity— During the first weeks of therapy, hypersensitivity to quinidine, al- 
though rare, should be considered (eg. angioedema, purpura, acute asthmatic episode, 
vascular collapse). 

3. Long-Term Therapy— Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy and the drug should be discontinued if blood 
dyscrasias or signs of hepatic or rena! disorders occur. 

4. Large Doses— ECG monitoring and determination of plasma quinidine levels are rec- 
ommended when doses greater than 2.5 g/day are administered. 

5. Usage in Pregnancy-— The use of quinidine, in pregnancy, should be reserved only for 
those cases where the benefits outweigh the possible hazards to the patient and fetus 

6. Nursing Mothers— The drug should be used with extreme caution in nursing mothers 
because the drug is excreted in breast milk 


7. General— In patients exhibiting asthma, muscle weakness, and infection with fever prior 


to quinidine administration, hypersensitivity reactions to the drug may be masked. 

DRUG INTERACTIONS: 

1. Caution should be used when quinidine and its analogs are administered concurrently 
with coumarin anticoagulants. This combination may reduce prothrombin levels and cause 
bleeding. 


2. Quinidine. a weak base, may have its half-life prolonged in patients who are concurrently 


taking drugs that can alkalize the urine, such as thiazide diuretics, sodium bicarbonate, 
and carbonic anhydrase inhibitors. Quinidine and drugs which alkalize the urine should be 
used together cautiously. 


3. Quinidine exhibits a distinct anticholinergic activity in the myocardial tissues. An additive 


vagolytic effect may be seen when quinidine and drugs having anticholinergic blocking 
activity are used together. Drugs having cholinergic activity may be antagonized by 
quinidine. 
4. Quinidine and other antiarrhythmic agents may produce additive cardiac depressant ef- 
fects when administered together. 
5. Quinidine interaction with cardiac glycosides (digoxin); See WARNINGS. 
6. Antacids may delay absorption of quinidine but appear unlikely to cause incomplete 
absorption. 
7. Phenobarbital and phenytoin may reduce plasma ty, of quinidine by 5096. 
8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory depression of 
patients receiving decamethonium, tubocurare, or succinylcholine. 
ADVERSE REACTIONS: Symptoms of cinchonism (ringing in the ears, headache, dis- 
turbed vision) may appear in sensitive patients after a single dose of the drug. 
Gastrointestinal: The most common side effects encountered with quinidine are refer- 
able to this system. Diarrhea frequently occurs, but it rarely necessitates withdrawal of the 
drug. Nausea, vomiting, and abdominal pain also occur. Some of these effects may be 
minimized by administering the drug with meals. 
Cardiovascular: widening of QRS complex, cardiac asystole, ventricular ectopic beats, 
idioventricular rhythms including ventricular tachycardias and fibrillation; paradoxical 
tachycardia, arterial embolism and hypotension 
Hematologic: acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic pur- 
pura, agranulocytosis. 
CNS: headache, fever, vertigo, apprehension, excitement, confusion, delirium and syn- 
cope, disturbed hearing (tinnitus, decreased auditory acuity), disturbed vision (mydriasis, 
blurred vision, disturbed color perception, photophobia, dipiopia, night blindness, scoto- 
mata); optic neuritis. 
Dermatologic: cutaneous flushing with intense pruritus. 
Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular collapse, 
respiratory arrest. 
DOSAGE AND ADMINISTRATION: Dosage should be titrated to give the desired 
Clinical effect, e.g., elimination of paroxysmal rhythm or reduction in premature 
contractions (See CLINICAL PHARMACOLOGY ). This will often require prolonged 
ambulatory ECG monitoring, as hour-to-hour variability renders brief ECG record- 
ings unreliable. When doses larger than 2.5 g/day are used, quinidine blood levels 
should be monitored, if possible, and serial ECGs should be followed (See WARN- 
INGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus rhythm fol- 
lowing spontaneous reversion or electrical conversion, the usual dosage is from 330 mg to 
660 mg every eight hours, most patients requiring the higher dose. 

In elderly patients, and in patients in the lower end of the normal weight range, plasma 
quinidine determinations should be considered. Dosage adjustments may be required. 
OVERDOSAGE: Cardiotoxic effects of quinidine may be reversed in part by molar sodium 
laetate; the hypotension may be reversed by vasoconstrictors and by catecholamines 
(since the vasodilation is partly due to alpha-adrenergic blockade) 

HOW SUPPLIED: N 0071-0850 (P-D 850) Duraquin (quinidine gluconate tablets) 330-mg 
tablets are supplied in bottles of 100 tabiets. 
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recovery from exercise in 14 ambulatory patients with coronary heart disease and in 3 healthy middle-aged men 
after the oral administration of 40 mg of propranolol. They support the view that a reduction in pressure-rate 
product is the major mechanism by which propranolol enhances the exercise capacity of patients with coronary 
heart disease. Slowing of heart rate was significant only during exercise and recovery and the greater slowing 
was accompanied by a significant increase in stroke volume. Arterial-mixed venous oxygen difference in- 
creased after administration of propranolol because of reduction of mixed venous oxygen content attributed to 
greater peripheral extraction of oxygen. 


REVIEWS 


Coronary Calcification in the Diagnosis of Coronary Artery Disease 


ROBERT D. RIFKIN, ALFRED F. PARISI and EDWARD FOLLAND 


Although calcification and stenosis are not synonymous, autopsy studies show a unique clinical association be- 
tween calcification of the coronary arteries and atherosclerosis, particularly in the younger subject. The speci- 
ficity of calcification diminishes with age whereas sensitivity is increased. Combined use of fluoroscopy and ex- 
ercise testing is a valid and as yet unexploited approach to the noninvasive diagnosis of coronary stenosis. 
Image intensifier fluoroscopic systems currently in use allow detection of calcific depositions of 2 to 3 mm, and 
in the future better systems may be capable of detecting smaller deposits. 


CLINICAL UPDATE 


Indications for Surgical Replacement of the Mitral Valve. With Particular Reference to Common and 
Uncommon Causes of Mitral Regurgitation 


NOBLE O. FOWLER and JOHANNA M. VAN DER BEL-KAHN 


Mitral valve replacement should be considered in patients with severe mitral stenosis or mitral insufficiency, or 
both, who are in functional class III or IV, do not respond to medical management, and in whom satisfactory sur- 
gical repair cannot be made by valvotomy. Attention in this clinical update is also drawn to the common and un- 
common causes of mitral regurgitation. Early mitral valve replacement is not recommended because of the ap- 
preciable surgical risk, the medical complications and especially the short- and long-term problems associated 
with prosthetic values, including valve detachment, valve deterioration, hemolysis, infection and increased pro- 
pensity to systemic embolism. 


DIAGNOSTIC SHELF 


Echocardiographic Findings in Patients With Left Superior Vena Cava and Dilated Coronary Sinus 


BARTON E. COHEN, HOWARD E. WINER and ITZHAK KRONZON 


Contrast echocardiography established the presence of a left superior vena cava communicating with the coro- 
nary sinus and excluded pericardial effusion as the source of the posterior echo-free space in three patients with 
a left superior vena cava draining into a dilated coronary sinus. The latter should be suspected if echocardiogra- 
phy reveals an echo-free space limited to the junction between the left atrium and the left ventricle and does not 
extend beyond this area when the transducer is angled toward the apex of the left ventricle. If a peripheral ve- 
nous injection into the left arm causes opacification of this echo-free space (as well as of the right ventricle), the 
diagnosis of persistent left superior vena cava draining into the coronary sinus is confirmed. 


Multiple Reentrant Tachycardias Due to Retrograde Conduction of Dual Atrioventricular Bundles With 
Atrioventricular Nodal-Like Properties 


PABLO DENES, RICHARD KEHOE and KENNETH M. ROSEN 


Evidence for two anomalous atrioventricular (A-V) bundles with nodal-like properties conducting in a retrograde 
fashion was found in a 54 year old man who presented with two forms of paroxysmal supraventricular tachycar- 
dia, one slow and incessant and the other fast, due to reentrant mechanisms; the type of tachycardia depended 
on the pathway utilized. A single pathway (A-V node-His) was reset for anterograde conduction and two path- 
ways were available for retrograde conduction. Spontaneous cure of the incessant paroxysmal tachycardia coin- 
cided with unexplained total loss of ability for ventriculoatrial conduction. Anterograde A-V nodal properties re- 
mained unchanged. 


Continued on page A26 
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CASE REPORTS 


Small Vessel Disease of the Heart Resulting in Myocardial Necrosis and Death Despite 
Angiographically Normal Coronary Arteries 


JAY W. MASON and AARON STREFLING 


Occlusive disease of the small intramural coronary arteries caused myocardial infarction and death of a 46 year 
old man 1 year after successful cardiac transplantation. The large epicardial coronary arteries were grossly pat- 
ent at autopsy. No histologic evidence of rejection was found despite cardiac enlargement and clinical signs of 
congestive heart failure a month before death. The only coronary angiographic abnormality found in this patient 
was greatly retarded clearance of the contrast agent from the coronary vessels. Such an abnormality in the ab- 
sence of proximal stenoses may be a clue to the presence of microvascular occlusive disease. 


177 Constrictive Pericarditis After Myocardial Revascularization. Report of Three Cases 


ROBERT MARSA, SUKH MEHTA, WILLIAM WILLIS and LEONARD BAILEY 


As shown in these three patients who had recent myocardial revascularization, the diagnosis of postoperative 
constrictive pericarditis should be considered when unexpected postoperative hear: failure occurs even in the 
presence of cardiomegaly and left heart failure. Although a definite etiologic cause for the constrictive pericardi- 
tis could not be established, these investigators believe that povidone-iodine in conjunction with pericardial trau- 
ma and bleeding may predispose to this complication and therefore question the advisability of routine pericardi- 
al irrigation with this substance. 


184 Massive Coronary Arterial Aneurysm 


188 


191 
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DOUGLAS R. GNEPP, STUART M. DEGLIN and SOAD BEKHEIT 


This massive and destructive right coronary aneurysm first seen on M mode echocardiography simulated a cardi- 
ac tumor, destroyed one pulmonary valve cusp and caused marked pulmonary stenosis with elongation and nar- 
rowing of the outflow tract of the right ventricle and fixation of half of one cusp of the tricuspid valve. This throm- 
bus-filled aneurysm, adjacent to the superior portion of the interventricular septum, produced a thickened ap- 
pearance of that structure leading to the clinical suspicion of a tumor originating in the interventricular septum. 


EDITORIALS 


Cellular Calcium and Cardiac Cell Death 


ARNOLD M. KATZ and HAROLD REUTER 
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© Copyright 1977, The Purdue Frederick Company/Norwalk, Conn. 06856 


IN THE ANXIOUS HYPERTENSIVE PATIENT ja 


THESE PARAMETERS MAY BE IMPROVING... 


nmt * 
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Patient's diastolic blood pressure is 
consistently within normal limits 
The evidence of retinal arteri 
has disappeared and the 


athy has improved. 
changes are not efi 


. BUT THESE MAY NOT. 













Medically 
speaking, 
he hyper- 

F tensive 

patient is mak- 

STactory progress. Yet, 
despite your counseling and re- 
assurance, he continues to be 
excessively tense and anxious. 

As a result, he's irritable, is sleep- 

| ing poorly, and seems to be "for- 
E getting" his daily medication 

in pre often than is advisable. 
T In cases like this, Valium 
lazepam/Roche)—unsurpassed 
a calming agent—can be a val- 
ible le adjunct to your other sup- 

Ortive measures. Valium works 

fomptly to relieve anxiety and 

F )sychic tension. Within hours, 

© most patients feel distinctly 

E^ calmer; in a matter of days, they 

| report considerable relief of such 

symptoms as apprehension, 
irritability, feelings of restless- 
ness, and inability to relax. 


Valium (diazepam/Roche) can 
particularly benefit the hyper- 
tensive patient whose psychic 
tension tends to escalate at bed- 
time. The addition of an h.s. dose 
of Valium to a b.i.d. or t.i.d. regi- 
men can reduce nighttime anxi- 
eties and thus encourage sleep. 

Equally important: Valium is 
used with most primary medica- 
tions, including diuretics, vaso- 
dilators and antihypertensives. 
And Valium is well tolerated by 
most patients. Although drows- 
iness, ataxia and fatigue are 
sometimes encountered, these 


and more serious side effects are 
rarely a problem. Patients should, 
of course, be cautioned against 
driving or drinking alcohol while 
on Valium (diazepam/Roche) 
therapy, and should be encour- 
aged to adhere to the prescribed 
dosage jw cens or discuss any 
needed adjustment with you. 
When anxiety has been 
adequately reduced, Valium 
therapy can be discontinued. 


VALIUM. 


diazepam 


Roche 


mg, 5-mg, l mg scored tablets 


TO REDUCE EXCESSIVE ANXIETY 
TO MORE MANAGEABLE LEVELS 


Before prescribing, please see following 


-ROCI 


page for a summary of product Pp. iar: 


EN 


Valium? (diazepam/Roche) 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 

Indications: Tension anc anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol withdrawal; ad- 
junctively in skeletal muscle spasm due to reflex 
spasm to local pathology. spasticity caused by 
upper motor neuron disorders; athetosis: stiff-man 
syndrome; convulsive disorders (not for sole 
thera 

The effectiveness of Valium (diazepam) in long- 
term use, that is, more than 4 months, has not 
Deen assessed by systematic clinical studies. The 
physician should periodically reassess the useful- 
ness of the drug for the individual patient. 
Contraindicated: Known hypersensitivity to the 
drug. Children under 6 months of age. Acute nar- 
row angle glaucoma; may be used in patients 
with open angle glaucoma who are receiving 
appropriate therapy. 

Warnings: Not of value in psychotic patients 
Caution against hazardous occupations requiring 
complete mental alertness. When used adjunc- 
tively in convulsive disorders, possibility of in- 
crease in frequency and/or severity of grand mal 
seizures may require increased dosage of stan- 
dard anticonvulsant medication; abrupt withdrawal 
may be associated with temporary increase in 
frequency and/or severity of seizures. Advise 
against simultaneous ingestion of alcohol and 
other CNS depressants. Withdrawal symptoms 
(similar to those with barbiturates and alcohol) 
have occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and muscle 
cramps, vomiting and sweating). Keep addiction- 
prone individuals under careful surveillance be- 
cause of their predisposition to habituation and 
dependence. 


Usage in Pregnancy: Use of minor tranquiliz- 
ers during first trimester should almost al- 
ways be avoided because of increased risk 
of —M' malformations as suggested in 
several studies. Consider possibility of preg- 
nancy when instituting therapy; advise pa- 
tients to discuss therapy if they intend to or 
do become pregnant. 


Precautions: |f combined with other psycho- 
tropics or anticonvulsants, consider carefully 
pharmacology of agents employed; drugs such 
as phenothiazines, narcotics, barbiturates, MAO 
inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in pa- 
tients severely depressed, or with latent depres- 
Sion, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. 
Limit dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia or 
oversedation 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, 
depression, dysarthria, jaundice, skin rash, ataxia, 
constipation, headache, incontinence, changes in 
Salivation, slurred speech, tremor, vertigo, urinary 
retention, blurred vision. Paradoxical reactions 
Such as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, insomnia, 
rage, sleep disturbances, stimulation have been 
reported; should these occur, discontinue drug. 
Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable 
during long-term therapy 

Dosage: Individualize for maximum beneficial ef- 
fect. Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 

10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg 
t.i.d. or q.i.d. as needed; adjunctively in skeletal 
muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg b.i.d. to 
q.i.d. Geriatric or debilitated patients: 2 to 2v» 
mg, 1 or 2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) Chil- 
dren: 1 to 2¥2 mg t.i.d. or q.i.d. initially, increasing 
as needed and tolerated (not for use under 

6 months). 

Supplied: Valium (diazepam) Tablets, 2 mg. 

9 mg and 10 mg— bottles of 100 and 500; 
Tei-E-Dose packages of 100, available in trays of 
4 reverse-numbered boxes of 25, and in boxes 
containing 10 strips of 10; Prescription Paks of 50, 
available singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 





How to Keep Up 
with the Most 
Recent Advances 
in Your Specialty 


E 
DITED By Lila A. Wallis, MD, FAcp 


This new book is designed for the busy physician who finds it difficult 
to keep up with the growing literature in his profession. Up until now 
the only way this could be done was to attend such conferences as the 
highly acclaimed Update Your Medicine sponsored by New York 
Hospital, Cornell Medical Center. These programs were developed to 
prepare doctors for Recertification despite heavy work loads. 


The 16 Lectures are Presented in Compact 


AMA Physician's ; Workbook Style for Quick Reading and 
Recognition Award : AN SEPTO 
ò 1. Update Your Endocrinology |: 
CORNELL MEDICAL UP- : Thyroid & Gonad 
DATE | has been ap- ; 2. Update Your Endocrinology II: 
proved for Category 1 e Hypothalamus and Anterior Pituitary 
credit towards the AMA's : 3 Update Your Cardiology 
Physician's Recognition : .. 4. Update Your Gastroenterology: 
Award for Continuing Med- . Chronic Active Hepatitis 
ical Education. Full details pP» x ^ Finde Gastroenterology: 
on how to apply for credit . 
is included with every ; . & Nephrology: Renal Physiology and 
copy. 6 Diuretic Therapy 
7. Recent Advances in Cancer 
. Chemotherapy 
Read it for 30 days—FREE : . &. Compendium of Antineoplastic Agents 
Use it to check any prob- à 9. Update Your Immunology: 
lems which come up in your : Hypersensitivity States 
practice throughout a ful! :  10.Update Your Immunology: 


Immunopharmacology of Asthma 


- 
month. Then keep the book 11. Advances in Neurology 


only if you want it for perma- 12. U ^ à " 

pdate Your Radiology: Angiography of 
nent reference. Otherwise : the GI Tract in Management of Acute 
simply return it and owe . Arterial Bleeding 


nothing. You have nothing to ; 13. Update Your Radiology: Sonography of 
lose and a whole world of . the Abdomen 
valuable life-saving knowl- - . 14. Recent Advances in Diabetes Mellitus 


edge to gain. Order right . and Hypoglycemia 
ias y i : 15. Evaluation of the Program by the Reader 


16. Evaluation of the Reader—for the AMA 
Physician's Recognition Award Credits 


Yorke Medical Books KICI 
666 Fifth Ave., New York, NY 10019 


YES! Please send me a copy of CORNELL MEDICAL UPDATE 
| at $32.00. | may use the book for 30 days and if not com- 
pletely satisfied, return it for full credit or refund. 


[ ] Payment enclosed, publisher pays shipping cost 
[ ] Bill me, plus cost of shipping 


OTIO TP AMAESOSDGSOUM c D MMC ETE Rn P 
Address 
i. EMEN UU --—— --v-c 0 c——————— —: 7 


New York State residents add applicable sales tax 
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One of as many as 60* blood pressure readings taken 
throughout the day by an ambulatory patient. 


Diastolic: 


93mm Hg Tus 





130mm Hg 


WESS calibration 


omitted for 


reference point 
Systolic: Tn ef 


132mm Hg 





bulatory 
lood Pressure 
recorder... 


Light, compact one-piece unit 
weighs only 25 ounces 


ler patented Ambulatory Blood Pressure Recorder 

use for more than ten years by leading physicians 

WEN institutions throughout the world. It is a proven, 

Se system and the only available blood pressure device 

g9Jétely prints out calibrated blood pressure measure- 
ving all Korotkoff sounds. 

lel M-2000 records blood pressures during the wear- 


E. cially useful in determining the 
efficacy of medication in the treatment of hypertension. 


eobet Company 


Since 1918 » Precision in Electronics 
280 Visitacion Mail « Brisbane, California 94005 USA œ» (415) 468-3437 


| Please send me complete details on the Remler |. 
| Ambulatory Blood Pressure Recording System | 
| Name | 


Address 


City/State/Zi 
ctly traceable t " T 
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Aspiration. 





At ARCO Medical Products 
Company, we know any worthy 
endeavor requires high ambition. 
The act of reaching; beyond 
what we know, to what we can 
only envision, is the true force 
behind achievement. 


Starting with our first involvement 
with medical products in 1967, 
we've been committed to the 
exciting possibilities of the field. 
That initial venture saw the 


development of the first nuclear- 
powered pacemaker of U.S. 
manufacture. Soon, we were 
making pacemakers with a 
lithium power source. And we've 
recently created a programmable 
pacemaker system with 

a computer leaming device 
which enables doctors to 
practice programming 
hypothetical patients. 


There will be more news from 
ARCO. As we continue to carve a 
place in the medical products 


industry, we welcome the 
challenges before us. New ways 
to bring our holistic philosophy to 
the science of medicine. New 
methods in dealing with the total 
physiological! needs of the 
patient. And new products to aid 
in the treatment of all types 

of heart defects. 


After all, the limits of possibility 
are only discovered by aspiring to 
Surpass them. 


ARCO Medical Products Company <> 


SN 
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Subsidiary of AtlanticRichfieldCompany 
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Before prescribing Minipress, WARNINGS 
and DOSAGE AND ADMINISTRATION 


Please see Brief Summary on last page 





Patient Compliance 


MINIPRES Orosio 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Titrate to 
4 mg b.i.d* 


Titrate to 
2 mg Ro Moa 


Start with 
1 mg Fo Ne ja 


Prim 
9 A 


me P RRS 


agent, dosage of Minipress should be reduced to 


Titrate to 
10 mg b.i.d. @ 


Titrate to 
9 mg b.1.d* 


MAXIMUM DAILY 
DOSAGE 20 mg 

given in divided doses 
b.i.d. or q.ı.d.). A few 

patients may benefit from 

further increases up toa 
daily dose of 40 mq given ın 
divided doses 


s Initial Therapy: The starting 
dosage of Minipress is 1 mg D./.d 
or t.1.d. If response is not adequate 
by the next visit, the dosage should be 
increased to 2 mg OR ROMO t.i.d 
u Dosage Titration: Titrate dosage slow’y, 
according to patient response, to a maxi- 
mum ot 20 mg daily in divided doses. Although 
some patients may be controlled on 1 mg D.i.d 
or f./.0., generally 6 mg to 15 mg daily will be 
needed in the majority of responding patients to 
achieve optimal blood pressure control 
a Maintenance Therapy: Maintain therapy on a D./.d. or 
t.i.d. dosage regimen after initial titration. If optimum con- 
trol is not achieved with Minipress as the initial agent, consider 
adding a diuretic. If optimum control is not achieved with 
Minipress and a diuretic, consider adding another Step 2 anti- 
hypertensive agent. When adding a diuretic or other antihypertensive 
mg or 2 mg tid 


and retitrated as needed 


> 
< 


BRIEF SUMMARY 

MINIPRESS: (prazosin hydrochloride} CAPSULES For Oral Use 
INDICATIONS: MINIPRESS* (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihype-tensive drug, it is mild to moderate in 
activity. It can be used as the initial agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient resoonse. 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due toan 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 tc 90 minutes ofthe initial dose ofthe drug; occasionally they have 
been reported in association with rapid dosage increases or the introduc- 
tion of ancther antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 19*6in patients given an initial dose of 2 
mg or greeter. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient shou d be placed inthe recumbent position and 
treated supportively as necessary. This adverse effect is self-limiting and inmost 
cases does not recur after the initial period of therapy or during subsequent dose 
titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy 

More common than loss of conscicusness are the symptoms often associated 
with lowering of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also be 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin nydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen in animal 
. testing, tne safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazosin hydrochloride) is not recommended in 
pregnant women unless the potential benefit outweighs potential risk to mother 
and fetus 
Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochlorid2) in children 


ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS ( orazgsin hydrochloride) therapy are: dizziness 10.396, headache 
ce T / 


m Minipress.s available in 1-mg, 2-mg, and 5-mg capsules 


7.896, drowsiness 7.6%, lack of energy 6.996, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9%. In most instances side effects have disappearec with 
continued therapy or have been tolerated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal relation- 
ships have not been established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal ciscomfort and/ 
or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus 
congestion. 

Other: diaphoresis. 

single reports of pigmentary mottling and serous retinopathy, and afew reports 
of cataract development or disappearance have been reported. Ir these 
nstances, the exact causal relationship has not been established because the 
baseline observations were frequently inadequate 

In more specific slit-lamp and funduscopic studies, which included adequate 
Daseline examinations, no drug-related abnormal ophthalmological findings 
have been reported 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chioride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration: 
Initial Dose: 1 mg two or three times a day. (See Warnings) 
Maintenance Dose: Dosage may be slowly increased to a total daily dcse of 20 
mg given in divided doses. The therapeutic dosages most commonly employec 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses hicher than 
20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. Alter initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen 
Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or2 
mg three times a day and retitration then carried ou 
HOW SUPPLIED: MINIPFESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and 
unit dose institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) 
capsules in bottles of 250, 500 and unit dose institutional packages o! 100 (10 x 
10's) 
More detailed information available on request 
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. Potassium with nothing to hide 


There's no longer any need to try to hide the taste of 
potassium chloride — because KAON-CL TABS have no taste. 
Thus your patients who cantor wont take liquid supplements have an 
acceptable alternative that enables them to get the potassium they need. 


Wax-matrix tablets minimize likelihood of GI complications. 
The special wax matrix used in KAON-CL TABS permits gradual release of 
potassium chloride in the GI tract. Because the potassium is slowly released, 
tHe possibility of high localized GI concentrations is limited. The reported 
frequency of Gl lesions with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of GI bleeding 
reported with KAON-CL TABS to date and no reports of small bowel 
stenosis or ulceration. However, clinical experience is insufficient at this time 
to indicate that the incidence is other than the stated numerical ratio. 


Logical, easily adjustable dosage. One tablet t.i.d. provides 20 mEq 
of potassium, the amount generally considered necessary for prevention of 
hypokalemia. Two tablets t.i.d. provide 40 mEq of potassium, usually 
adequate for the treatment of mild potassium depletion. Dosage should be 
adjusted to individual patient needs. In cases of more severe potassium 
depletion, 100 mEq daily or more may be required. 


Patients stay on 


KAON-CLTABS 


(potassium chloride) 
. Controlled Release Tablets 


For summary of prescribing information, please see following page. 





WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
COLUMBUS. OHIO 43215 
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KAON-CI TABS* (potassium chloride) Controlled Release Tablets 
Description: Kaon-Cl Tabs is a sugar coated (not enteric-coated) tablet contain- 
ing 500 mg potassium chloride (equivalent to 6.7 mEq potassium chloride) in a 


wax matrix. This formulation is intended to provide a controlled release of 


otassium from the matrix to minimize the likelihood of producing high 
ocalized concentrations of potassium within the gastrointestinal tract. 
Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC 
JLCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 
CHLORIDE PREPARATIONS, THESE DRUGS SHOULD BE RESERVED 
MF THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO 
TAKE LIQUIDS OR EFFERVESCENT POTASSIUM PREPARATIONS OR 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 
WITH THESE PREPARATIONS. 

1. Eortherapeutic use in patients with hypokalemia with or without metabolic 
alkalosis, m digitalis intoxication and in patients with hypokalem:c familial 

eriodic paralysis. 
oa the prevention of potassium depletion when the dietary intake 
inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of 
aldosterone excess with normal renal function, potassium-losing nephro- 
pathy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a 
normal dietary pattern. Serum potassium should be checked periodically, 
however, and if hypokalemia occurs, dietary supplementation with potas- 
sium-containing foods may be adequate to cantro! milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 

Contraindications: Potassium supplements are contraindicated in patients with 
hyperkalemia sincea further increase in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the 
following conditions: Chronic renal failure, systermic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
spironolactone, tramterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulcer- 
ation in certain cardiac patients with esophageal compression due to enlarged left 
atrium. Potassium supplementation, when indicated in such patients, should be 
with a liquid preparation. 

All solid dosagesforms of potassium chloride supplements are contraindicated 
in any patient in whom there is cause for arrest or delay in tablet passage through 
the gastrointestinal tract. In these instances, potassium supplementation should 
be with a liquid preparation 
Warnings: Bocdseki- M: patients with impaired mechanisms for excreting 
potassium, the administration of potassium salts can produce hyperkalemia and 
cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may also occur in patients given potassium orally. 
Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use 
of potassium salts in patients with chronic renal disease, or any other condition 
which impairs potassium excretion, requires particularly careful monitoring of 
the serum potassium concentration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics- Hypokalemia. should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic teg., spironolactone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 

Gastrointestinal. Lesions—Porassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are caused 
by a high localized concentration of potassium wn in the region of a rapidly 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
hemorrhage, or perforation. Kaon-Cl Tabs (potassium chloride) is a wax-matrix 

tablet formulated to provide a controlled rate of release of potassium chloride and 
thus to minimize the possibility of a high local concentration of potassium ion 
near the bowel wall. While the reported frequency of small bowel lesions is much 
less with wax-marr:x tablets (less than one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 
associated with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
tions are not enteric-coated and release potassium in the stomach, there have 
been reports of upper gastrointestinal bleeding associated with these products. 
The total number of gastrointestinal lesions remains less than one per 100,000 
patient years. Kaen-Cl Tabs should be discontinued. immediately and the 
possibility of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrointestinal bleeding occurs. 

Metabolic Acidosis -Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
DOtüssium citrate, potassium acetate, Or potassium gluconate. 

recautions: The diagnosis of potassium. depletion is ordinarily made by 
demonstrating hypokalemia in a patient with a clinical history suggesting some 
cause for potassium depletion. In interpreting the serum potassium level, the 
physician should bear in mind that acute alkalosis per se can produce hypokalemia 
in the absence of a deficit in total body potassium while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the 
presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
requires careful attention to acid-base balance and appropriate monitoring of 
serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: The most common adverse reactions to oral potassium salts 
are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
due to irritation of the gastrointestinal tract and are best managed by diluting the 
preparation further, taking the dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contraindications, 

Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
ration (see Warnings). 
Overdosage: The administration of oral potassium salts to persons with normal 
excretory mechanisms for potassium rarely causes serious hyperkalemia. How- 
ever, if excretory mechanisms are impaired or if potassium is administered too 
rapidly intravenously, potentially fatal hyperkalemia can result (see Contraindi- 
cations and Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum potassium 
concentration and characteristic electrocardiographic changes (peaking of T- 
waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 
interval). Late manifestations include muscle-paralysis and cardiovascular col- 
lapse from cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

- I. Elimination of foods and medications containing potassium and potas- 
sium-sparing diuretics. 

2. [ntraveneus administration of 300 to 500 ml/hr of 10% dextrose solution 
containing 10-20 units of crystalline insulin per 1,000 ml. 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis 

In treating hyperkalemia, it should be recalled that in patients who have been 
stabilized on distalis, too rapid a lowering of the serum potassium concentration 
can produce digitalis toxicity. 

Caution: Federal law prohibits dispensing without prescription. 
How Supplied: Bottles of 100, 250 and 1000 
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CATHETER-TIP Bl 
TRANSDUCERS 


With a single i 
catheter 
ntroduction ... 
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The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
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all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
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e Address manuscript to Managing Edi- 
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e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8'5 X 11 
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cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
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and address with zip code. 


THE ABSTRACT 
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words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
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THE TEXT 
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cava, Wolff-Parkinson-White. 
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and the like) as recommended in the 
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American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 
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ence, figure and table. (Order of men- 
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to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations | and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
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e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
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e Crop photomicrographs to show only 
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e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 
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sum toward reproduction. 
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1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
ingreased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 


9 characteristic of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 


heart failure. 

Digoxin, generally, is most effective in "low output" failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
. weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
Continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a Slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 


5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

en. though rare, does occur. It may not extend to all preparations, and another may be 
tried. 

Ventricular fibrillation. 


WARNINGS: 


Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical! determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued as soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially wien severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to ion treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. : 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 
Suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved only 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

. |n myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

enal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
patients with renal disease. Note: This applies also to potassium administration should it become 
necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
cadem tablets should be taken into account when switching patients from one preparation 
to another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 

. 


Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest. and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 
Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 


overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may alsa 


produce such symptoms. 

oo nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a Clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may alse induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. 
Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given, with careful 
electrocard'ographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal rena! function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years cf age, require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

E nm with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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Atrial stimulation induced a sustained ventricular tachycardia in two 
patients with mitral valve prolapse and in one patient who had mild hy- 
pertension without cardiac abnormalities. Exercise-induced sinus 
tachycardia also started the ventricular tachycardia in one patient. Evi- 
dence is presented to suggest that the mechanism of ventricular tachy- 
cardia in one patient was reentrant excitation and in another patient 
triggered automaticity. It is likely that the origin of the ventricular tachy- 
cardia was confined to a relatively protected small area near the pos- 
teroinferior portion of the left ventricle and was not due to macro- 
reentry. 


Atrial induction of premature ventricular complexes and ventricular 
tachycardia has been reported in isolated instances in patients with 
various forms of heart disease.!-? Preston et al.!? demonstrated that 
premature atrial depolarization initiated ventricular tachyarrhythmias 
in young mammals when the refractory period of the ventricles exceeded 
that of the atrioventricular (A-V) conduction system. Rarely in human 
beings has premature or rapid atrial pacing been shown to initiate ven- 
tricular tachycardia in the absence of demonstrable heart disease.!.!? 
The purpose of this report is to present data from three young patients 
in whom a sustained ventricular tachycardia could be initiated by atrial 
stimulation. 


Methods 


Patients (Table I): The three patients constituting this study group were 
young and asymptomatic, except for the presence of recurrent ventricular 
tachycardia. One patient had mild hypertension without cardiac abnormalities 
and two had mitral valve prolapse. The electrocardiogram performed at rest 
during sinus rhythm, the chest X-ray film and routine laboratory data were 
normal in all three patients. The echocardiogram was normal in Patient 3 and 
revealed mitral valve prolapse in Patients 1 and 2. 

Each patient had had multiple spontaneous episodes of sustained ventricular 
tachycardia that had a QRS contour identical to that of the tachycardia initiated 
during the electrophysiologic study. The diagnosis of ventricular tachycardia 
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TABLE | 
Clinical Features of Three Patients With Ventricular Tachycardia (VT) E 
how Duration and Symptoms 
Case Age (yr) Cardiovascular Frequency of During Response to 
no. & Sex Disease Tachycardia Tachycardia Treatment Treatment 
1 14M Mitral valve 3 years, once Syncope, Propranolol No recurrence 
prolapse a month weakness of VT 
2 18F Mitral valve 6 years, > once Weakness, chest pain, Procainamide, No recurrence ® 
prolapse a week presyncope propranolol of VT 
3 22M Mild hyperten- 2 years, once Weakness Propranolol No recurrence 
sion a week of VT 
was confirmed in each patient during electrophysiologic study Initiation of ventricular tachycardia (Table III): 
by demonstrating the presence of fusion beats, capture beats Ventricular tachycardia, identical to the spontaneously 
v ia ogni activation that began after the onset of the occurring ventricular tachycardia, was initiated in all 
i V aaa e aloha: study: After giving informed consent tiroe patients alter Mito seconds of rapid atrial 
ectetur reges ise ac Bl i 8, arae RN pacing at cycle lengths ranging from 300 to 350 msec. 
ee ae ee ee ee ee ee Atrial pacing at longer cyele lengths failed to initiate 
in the postabsorptive nonsedated state while they were re- a Pe 8 Ber Cy n5 
ceiving no cardiac medications. Patient 3 underwent a second ventr icular tachy car dia. In Patients 1 and 2, the ven- 
study 2 weeks later while receiving propranolol, 80 mg every tricular tachycardia emerged after cessation of atrial 
6 hours. All three patients had three or four tripolar or qua- pacing (Fig. 1), whereas in Patient 3 the ventricular 
dripolar electrode catheters inserted percutaneously in the tachycardia occurred during atrial pacing (Fig. 2). The à 
femoral or median antecubital vein, or both. Catheters were atrial rate necessary to precipitate the ventricular 
positioned fluoroscopically in the high right atrium, His tachycardia and the rate of the ventricular tachycardia 
bundle area, right ventricular apex and, in Patient 1, in the determined whether the ventricular tachycardia 
Le Arum; Ee M joa "n e cep es es emerged during or after cessation of atrial pacing. * 
oscopic recorder (Electronics for Medicine DR 8 or Premature atrial stimulation (A,-A; interval 400 
at a paper speed of 100 mm/sec with 1 second time lines and rere 1300 d H.-H»i 139 
with a filter setting between 30 or 40 and 500 hertz. Stimuli, msec, /\1-/\2 interval 300 msec and H;-H» interval 325 
one and one half to two times the diastolic threshold, were msec) initiated ventricular tachycar dia only in Patient 
delivered from a programmable stimulator (Medtronic model 3 (Fig. 2), the only patient whose functional refractory 
5325). Single or multiple premature stimuli were introduced period of the A-V node was shorter thar the ventricular 
after eight basic cycles, using the extrastimulus technique, at cycle length needed to initiate the ventricular tachy- 
progressively shorter coupling intervals until the refractory cardia. After administration of propranolol (80 mg 
period of the atrium or ventricle was reached. Standard def- orally every 6 hours), ventricular tachycardia could no 
initions of refractory periods are used." longer be initiated by rapid or premature atrial stimu- 
lation in this patient because now the functional re- 
Results fractory period of the A-V node exceeded the ventric- 
ular cycle length required to start the ventricular 
All three patients had normal baseline electrophysi- tachycardia. Y 
ologic findings (Table II), except for the initiation of Premature right ventricular stimulation with one or | 
sustained ventricular tachycardia. There was no evi- two stimuli introduced during sinus rhythm or right ; 
dence of an atrioventricular, nodoventricular or fas- ventricular pacing initiated ventricular tachycardia only 
ciculoventricular accessory pathway, and no episodes in Patient 2 (Fig. 3). Early premature stimuli produced 
of supraventricular tachycardia could be precipitated a repetitive ventricular response, probably due to a 
by premature or rapid atrial or ventricular stimula- bundle branch reentry,! *!^ followed by the ventricular 
tion. tachycardia. 
TABLE Il 
Electrophysiologic Data (msec) 
Case Paced Basic EI Od Oe Oe ee ee No Aso PMERIIR OF ule Rh S Lus 
no. Cycle Length A-H H-V ERPRA ERPAVN FRPAVN ERPRV VT 
EU 600 100 35 210 220 370 220 330 
A 550 75 35 190 < 190 380 210 400 
A 450 80 50 180 260 310 220 335 
B -600 80 50 F 360 420 210 345 


ERPAVN = effective refractory period of the atrioventricular (A-V) node; ERPRA = effective refractory period of the right atrium; ERPRV = effective 
refractory period of the right ventricle; FRPAVN = functional refractory period of the A-V node; VT = cycle length of the ventricular tachv-* 
Cardia. 

* Two studies (A and B) were performed in this patient. 
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TABLE ill 
Modes of Initiation of Ventricular Tachycardia (data in msec) 
Rapid Rapid Premature Premature 
Case Atrial Ventricular Atrial Ventricular Treadmill 
no. Pacing Pacing Stimulation Stimulation (heart rate) 
1 Yes, NA No, No, No, 
e CL 300 A1-A» 275; V4,-V»2 230* 194 beats/min 
H4-H5 370 
2 Yes, NA NO, Yes, Not exercised 
CL 350 A4-A» 280; V4-V2 220-370! 
H4-H3 380 
31 
A Yes, Yes, Yes, No, Yes, 
CL 340-350 CL 340 A4-A»5 300; V-V 2 230* 188 beats/min 
H4-H5 325 
B No, Yes, No, No, Yes, 
CL 41015 CL 350 A4-A2 370; Vi-Vo = 200* 167 beats/min 
H4-H5 420 





* Premature interval lengthened from this value to that of the basic cycle length. 

t Echo zone during which premature stimulation initiated ventricular tachycardia. 

t Two studies (A and B) were performed on this patient. 

$ Could not conduct 1:1 at a cycle length of less than 410 msec. 

A4-A4, V;-V; = interval at which atria or ventricles were paced; A,-A», V,-V» = interval at which atria were prematurely stimulated; CL = cycle 
length; NA = not attempted; No = failed to initiate ventricular tachycardia; Yes = initiated ventricular tachycardia. 


FIGURE 1. Patient 1. Atrial induction of ventricular 
tachycardia. After termination of right atrial pacing 
at a cycle length of 300 msec, ventricular tachy- 
cardia emerges at a cycle length of 330 msec. The 
QRS complexes during the ventricular tachycardia 
exhibit right bundle branch block and left axis 
deviation. Note continuation of spontaneous atrial 
activity unrelated to the ventricular tachycardia 
and absence of His bundle deflections preceding 
each QRS complex of the ventricular tachycardia. 
HBE = His bundle electrogram; LA = left atrial 
recording; RA = right atrial recording; St. = 
stimulus; V4, |, ll, Ill = scalar leads V4, |, Il, Ill. 
Paper speed 100 mm/sec. 


FIGURE 2. Patient 3. Atrial induction of ventricular 
tachycardia. During continuous right atrial pacing 
at a cycle length of 340 msec (top panel), a ven- 
tricular tachycardia with right bundle branch block 
and left axis deviation emerges at a cycle length 
of 335 msec. Note the shortening of the H-V in- 
terval during the ventricular tachycardia so that His 
bundle activation occurs after the onset of the 
QRS complex and finally can no longer be seen 
in the last two QRS complexes. Premature atrial 
stimulation also induces ventricular tachycardia 
in this patient (bottom panel). The last cycle of a 
basic train of eight stimuli (A ;-A4, cycle length 400 
msec) is displayed. Two premature atrial com- 
plexes (A2-A3) are introduced at cycle lengths of 
300 msec. The first premature atrial complex (A>) 
conducts normally. However, A4 conducts with a 
fusion QRS complex (F), indicating that the ven- 
tricular tachycardia begins after A2. Abbreviations 
as in Figure 1. 
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Rapid right ventricular pacing (340 msec first study, 
300 msec second study) also produced ventricular 
achycardia in Patient 3. The ventricular tachycardia 
exhibited the same cycle length and QRS configuration 
regardless of the method of induction. Rapid ventricular 
pacing to induce the ventricular tachycardia was not 
attempted in the other two patients. 

Initiation of premature ventricular complexes 
in Patient 3: Atrial pacing in Patient 3 induced single 
and multiple spontaneous premature ventricular 
complexes (Fig. 4 and 5) or sustained ventricular 
tachycardia (Fig. 2). The premature ventricular com- 
plexes exhibited a QRS contour identical to that of the 
QRS complex found during the spontaneous or induced 
ventricular tachycardia, and their number depended on 
the paced basic cycle length, the premature cycle length 
and the number of paced beats. At the time of the first 
study, while the right atrium was paced for eight beats 
at a basic cycle length of 450 msec, single premature 
atrial complexes either failed to initiate any spontane- 
ous premature ventricular complexes or initiated only 
one premature ventricular complex, depending on the 
ventricular cycle length (H;-H»5) produced by the last 
premature atrial complex. The same result occurred 
after single premature ventricular stimulation. Two 





FIGURE 3. Patient 2. /nitiation of ventricular tachycardia by premature 
ventricular stimulation. In panel A, the last paced beat (S4) of a train 
&t a basic cycle length of 550 msec is displayed. Premature ventricular 
stimulation at an S,-S2 interval of 220 msec is followed by a repetitive 
. ventricular response, probably bundle branch reentry (a possible ret- 
rograde His depolarization is unlabeled), and then initiation of ventricular 
tachycardia. Note that His activation follows the onset of the QRS 
complex during the ventricular tachycardia. The latter exhibits right 
bundle branch block and left axis deviation. In panel B, premature 
ventricular stimulation at an S;-S» interval of 370 msec initiates the 
same ventricular tachycardia. RV — right ventricular electrogram; other 
abbreviations as in Figure 1. 
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premature atrial complexes were more likely to be fol- 
lowed by multiple premature ventricular complexes. 
Only during a basic cycle length of 400 msec did a single 
premature atrial complex induce sustained ventricular 
tachycardia (Fig. 2). ; 


At a basic cycle length of 550 msec, no spontaneous "A 


premature ventricular complex followed any premature 


atrial complex, even those premature atrial complexés* 


resulting in an H,-H» interval of 310 msec. At this basic 
cycle length (550 msec), only premature ventricular 
stimulation at V4-V» intervals of 270 and 280 msec were 
followed by single spontaneous premature ventricular 
complexes (Fig. 5, left, insert). The interval between the 
last paced beat and the first spontaneous premature 
ventricular complex was inconstant and generally varied 
over a range of 30 to 50 msec, without relation to the 
prematurity of the paced beat. 

A slightly different method of testing was necessary 
in this patient after propranolol therapy because of the 
increase in the functional refractory period of the A-V 
node (second study). At this time, the ventricle was 
paced for a varying number of cycles, at different cycle 
lengths. Ventricular tachycardia could be initiated only 
after prolonged ventricular pacing (19 cycles) at a basic 
cycle length of 350 msec (Fig. 5, right). Pacing for a 
longer time at slower rates, or for a shorter time at faster 
rates, failed to initiate ventricular tachycardia. In ad- 
dition, single premature ventricular complexes followed 
premature ventricular stimulation (basic cycle length 
550 msec) at V;-V» intervals between 250 to 350 msec, 
but not between 220 to 240 msec or greater than 350 
msec (Fig. 5, right, insert). 

Termination of ventricular tachycardia (Table 
IV): During the episodes of ventricular tachycardia, 
rapid atrial stimulation captured the ventricles in each 
patient and normalized the QRS complex. A window, 
generally limited by the point at which Wenckebach 
A-V block occurred and the rate of the ventricular 
tachycardia, existed for capture of the ventricles from 
the atrium. Atrial pacing at cycle lengths between 250 
and 330 msec captured the ventricular tachycardia in 
Patient 1, between 320 and 400 msec in Patient 2, and 
between 250 and 335 msec in Patient 3 (first study). 
Rapid atrial pacing terminated the ventricular tachy- 
cardia only in Patient 3, during the first study, before 
propranolol therapy. Propranolol treatment in this 
patient prevented 1:1 conduction from the atrium to the 
ventricle at rapid atrial pacing rates and only right 
ventricular pacing at cycle lengths of 320 msec termi- 
nated the tachycardia at the time of the second 
study. 

Premature right ventricular stimulation with a 
single stimulus terminated the ventricular tachycardia 
in Patient 2 (Fig. 6, upper panel) whereas two premature 


ventricular stimuli terminated the ventricular tachy- | 


cardia in Patient 3. After the late premature ventricular 
stimulation that failed to terminate the ventricular 
tachycardia in Patient 2, a totally normal spontaneous 
sinus beat occurred before continuation of the ven- 
tricular tachycardia (Fig. 6, lower panel). A single pra 
mature ventricular stimulation during the ventricular 


La 


"e 


tachycardia resulted in a compensatory pause without 
termination of ventricular tachycardia in Patients 1 and 
3, 

All patients demonstrated complete A-V dissocia- 
tion during ventricular tachycardia. The ventricular 
tachycardia in each patient exhibited a QRS configu- 
gation of complete right bundle branch block and left 
axis deviation (left anterior fascicular block). In all 
patients, atrial pacing during ventricular tachycardia 
dissociated the His spike from ventricular depolariza- 
tion without changing the cycle length of the ventricular 
tachycardia, before complete supraventricular capture 
of the ventricles. 


Discussion 
Mechanisms of Ventricular Tachycardia 


Reentry: The mechanism responsible for the ven- 
tricular tachycardia initiated by rapid atrial pacing in 
these patients can only be conjectured. It is possible that 
an area of abnormal conduction existed, or was created 
by the fast heart rates, in or near the posterior fascicle 
of the left ventricle. When this area was stressed at rapid 
rates, unidirectional block developed in it. Such block, 
contiguous to a site of slowed conduction, created the 
necessary electrophysiologic environment required for 
reentrant excitation. Probably as a result of such a 
mechanism, rapid atrial rates may be used to precipitate 
ventricular tachycardia in animals with myocardial 
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ischemia,!®2! and possibly in human beings”? also. . 


However, there was no evidence of myocardial ischemia 
in these patients. 


—-— 
The ventricular tachycardia in Patient 2, started and — 
stopped by a single critically timed premature ven- . 


tricular stimulus (Fig. 3 and 6), appears most acceptably 
explained by a reentrant mechanism. Late premature 
ventricular stimulation was followed by a totally normal 
spontaneous sinus beat and then resumption of the 
ventricular tachycardia (Fig. 6). Either the sinus beat 
restarted the ventricular tachycardia or the ventricular 
tachycardia continued in a concealed fashion,’ its dis- 
charge rate possibly altered electrotonically by the in- 
tervening sinus beat. A similar explanation can be ap- 
plied to continuation of the ventricular tachycardia 


after pacing-induced atrial capture in Patients 1 and - 


2. 
Premature atrial stimulation achieving a sufficiently 


e e de 


short H4-H» interval initiated sustained ventricular — 


tachycardia in Patient 3 (Fig. 2), whereas premature 
right ventricular stimulation, at similar V;-V» intervals, 


did not. Neither premature right or left atrial or pre- | 


mature right ventricular stimulation initiated the 
ventricular tachycardia in Patient 1. To explain such 
events by reentry, one must postulate that the timing 
of the arrival of excitation at the area of conduction 
delay, as well as its wave front and the pathways trav- 
eled, varied with each mode of pacing and that only a 
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FIGURE 4. Patient 3. Initiation of premature ventricular complexes by premature atrial stimulation. Only the last stimulus of a train at a basic cycle 
length of 450 msec is displayed. Premature atrial stimulation with a single stimulus at an A,-A» interval of 300 msec results in an H4-Hz interval 
of 330 msec and is not followed by a premature ventricular complex (top, left). Premature atrial stimulation at an A4-A; interval of 280 msec results 
in an H4-H; interval of 320 msec and is followed by a single premature ventricular complex (bottom, left). Premature atrial stimulation at an A4-A2 
interval of 320 msec and an A;-As interval of 300 msec results in an H4-H» interval of 340 msec and an H2-Hg interval of 315 msec and is followed 


by two premature ventricular complexes (top, right). Premature atrial stimulation at an A ;-A» interval of 310 msec and an A;5-A; interval of 300 . 


msec results in an H4-H interval of 330 msec and an H5-H; interval of 315 msec and is followed by three premature ventricular complexes (bottom, 


right). Abbreviations as in Figure 1. 
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TABLE IV 
Modes of Termination of Ventricular Tachycardia (data in msec) : 
e Rapid Rapid Premature Premature 
Case Atrial Ventricular Atrial Ventricular 
no. Pacing Pacing Stimulation Stimulation roe 
1 No, A4,-A, 250* Yes, CL 190 (4 beats) No, failed to No, V4-V» 240!, 
capture ventricles single stimulus * 5 
2 No, A4,-A, 320* NA No, 370 msec? Yes V ,-V» 230, 
single stimulus 
3 
A Yes, A41-A, 250-300 NA No, failed to No, 230 msec’; 
capture ventricles single stimulus 


Yes, V4-V5 220; 
V5-V5 300, double 
stimulus 
8 No5 Yes, CL 320 No, failed to NA 
capture ventricles 


* Atrial capture (shortest cycle length) of ventricles without termination of ventricular tachycardia. 
— Premature Interval lengthened from this value to that of cycle length of ventricular tachycardia. 

* Interval between QRS complex of ventricular tachycardia and QRS complex of atrial capture. 

3 Unable to capture ventricles. 


CL = cycle length; NA = not attempted; No = failed to terminate ventricular tachycardia; Yes = terminated ventricular tachycardia. 
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FIGURE 5. Patient 3. In the left panel, the number of spontaneous consecutive premature ventricular complexes (PVCs) that followed premature 
stimulation (Y axis) is plotted against the premature interval (X axis) while pacing at a basic cycle length (BCL) of 450 msec. Single premature atrial 
stimulation resulted in H;-Hp intervals (filled circles). Double premature atrial stimulation resulted in H4-H3 intervals (filled circles) and H5-H; intervals 
(open circles) connected by straight lines. The atria were paced at the basic cycle length of 450 msec during premature atrial stimulation. The 
ventricles were paced at a basic cycle length of 450 msec during premature ventricular stimulation. For the latter, the V ,-V» interval is indicated 
by a cross. The insert indicates the results after premature ventricular stimulation during pacing at a basic cycle length of 550 msec. During atrial 
pacing at a basic cycle length of 550 msec, premature atrial stimulation did not induce any spontaneous premature ventricular complexes (not 
shown). In the right panel are displayed the data obtained during the second study, while the patient was receivinc propranolol. Two testing methods 
were used. In the first, the ventricles were paced without premature stimulation at a fixed cycle length (X axis) *or a variable number of cycles (Y 
axis). Ventricular tachycardia (open circle) only followed when the ventricle was paced at a cycle length of 350 msec for 19 cycles. In the second 
method, the ventricles were prematurely stimulated after a train of 8 paced beats. The insert indicates the response to premature ventricular stimulation 
during ventricular pacing at a cycle length of 550 msec. The V ,-V; interval is indicated on the X axis and the number of spontaneous consecutive? 
premature ventricular complexes is indicated on the Y axis. 
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critically timed and specific sequence of activation could 
initiate ventricular tachycardia. It is also possible that 
single or multiple premature stimuli, delivered during 
a relatively slow basic cycle length, could not achieve a 
critical degree of conduction delay and unidirectional 
block that was produced by the “stress” of rapid atrial 
pacing. That premature ventricular stimulation, but not 
premature atrial stimulation, initiated sustained ven- 
tricular tachycardia in Patient 2 is easily explained: The 
premature atrial complex did not achieve an R-R in- 
terval as short as that produced by premature ventric- 
ular stimulation, owing to the duration of the functional 
refractory period of the A-V node. 

Triggered automaticity: Although reentry may be 
the mechanism responsible for the ventricular tachy- 
cardia in these patients, none of their responses to 
premature stimulation exclude the possibility of auto- 
maticity as a cause. Tachyarrhythmias started or 
stopped by single premature stimuli may be due to 
triggered automaticity, a phenomenon by which one or 
more pacing stimuli may trigger the occurrence of au- 
tomatic discharge in a previously quiescent heart or 
isolated cardiac tissue.?3-?6 Premature stimulation can 
also terminate such automatic discharge. 

Both the duration and the rate of pacing may directly 
influence the number of triggered beats as well as their 
eseape intervals.??:27-99 No, one or several automatic 
discharges may follow cessation of pacing, depending 
on how long and how rapidly the preparation was 
stimulated. Once initiated, these beats may become 
self-perpetuating in the form of a tachycardia. Gener- 
ally, one would not expect the number of premature 
complexes due to reentry to be determined by the rate 
of the paced cycles or the duration of pacing. 

In Patient 3, zero to three spontaneous premature 
ventricular complexes or ventricular tachycardia de- 
veloped after a period of pacing or premature stimula- 
tion. All induced ventricular beats had a QRS contour 
identical to that of the spontaneous ventricular tachy- 
cardia. The number of induced premature ventricular 
complexes was related to the coupling interval of the 
premature beat, to whether one or two premature beats 
were introduced and to the cycle length of the basic 
train. At a basic cycle length of 450 msec, two early 
premature stimuli, even though they were delivered 
from the atrium and achieved a minimal H-H interval 
of 315 msec, were more likely to initiate two or three 
premature ventricular complexes than single premature 
atrial complexes that achieved a similar H-H interval 
or single premature ventricular complexes that achieved 
an even shorter V-V interval (Fig. 4 and 5). A single 
premature atrial complex delivered during a basic cycle 
length of 400 msec achieved an H;-H» interval of only 
325 msec yet initiated sustained ventricular tachycardia 
(Fig. 2). Atrial or ventricular pacing at cycle lengths of 
340 to 360 msec without a premature cycle started the 
ventricular tachycardia in this patient. Thus, initiation 
of the ventricular tachycardia did not depend solely on 
achieving a critical H1-H», Ho-H3 or V;-V» interval. 

The coupling interval of the premature ventricular 
complex to the last paced beat varied within a range of 
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30 to 50 msec and was not related to the cycle length of 
the paced beats in this patient. Had the coupling in- 


1 


terval shortened in response to a decrease in the basic. 


cycle length or premature interval, as it does in digi- 
talis-treated preparations???7-7? and in some other 


experimental preparations exhibiting abnormal forms — 
of automaticity,?? the findings in Patient 3 might have ~ 


fit the concept of triggered automaticity more closely. 

Premature or rapid pacing may terminate triggered 
automaticity by producing entrance block into the au- 
tomatic focus so that it is not discharged with each 
cardiac cycle and its actual cycle length exceeds the 
manifest paced cycle length. Also, the discharge rate of 
the automatic focus may exhibit a maximal rate after 
pacing at an intermediate cycle length and diminish its 
rate of discharge when driven by shorter or longer cycle 
lengths.?? 

In summary, we conclude that a reentrant mecha- 
nism appears to fit the data best for Patient 2 and 
triggered automaticity for Patient 3. The data are in- 
sufficient to classify events in Patient 1 with certainty. 
However, one cannot unequivocally separate reentrant 
from automatic ventricular tachyarrhythmias in human 
beings with our present diagnostic criteria, and these 
conclusions must be regarded as speculative. 

Similarity of ventricular tachycardia: A macro- 
reentrant loop: Some patients who have atrially in- 
duced ventricular tachycardia exhibit right bundle 
branch block and left axis deviation during the ven- 
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FIGURE 6. Patient 2. Termination of ventricular tachycardia following 
premature ventricular stimulation. Panel A, during spontaneous ven- 
tricular tachycardia, premature ventricular stimulation (QRS-stimulus 
interval 230 msec) terminated ventricular tachycardia and restored sinus 
rhythm. Panel B, premature ventricular stimulation at a longer interval 
(QRS-stimulus interval 260 msec) was followed by a spontaneous sinus 


beat with a totally normal QRS complex and normal H-V interval and , 


then resumption of the ventricular tachycardia. Abbreviations as in 
Figures 1 and 3. 
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tricular tachycardia.®’:!!.!2 Many of these patients are 
young and free of significant heart disease. It is possible 
M they represent a common electrophysiologic en- 

Ity. 

Atrial induction of a ventricular tachycardia that is 
associated with left axis deviation and right bundle 
branch block can be explained by postulating a reen- 
trant circuit encompassing anterograde conduction over 
the left posteroinferior fascicle and retrograde con- 
duction over the left anterosuperior fascicle or right 
bundle branch.!'!? However, because atrial pacing did 
not require induction of functional fascicular block 
before the onset of the ventricular tachycardia, that 
mechanism cannot be supported. In addition, one would 
have to postulate maintenance of the reentrant loop 


without involving the His bundle, because the latter 
could be dissociated from the QRS complex during 
atrial pacing without altering the ventricular tachy- 
cardia. Finally, such a macroreentrant loop would not 
be expected to continue after atrial capture of the ven- 
tricular tachycardia and normalization of the H-V in- 
terval and the QRS complex (Patients 1 and 2), or 


ventricular capture by paced premature ventricular? e 


complexes (Patients 1 to 3), especially when a sponta- 
neous sinus beat was interspersed before the contin- 
uation of the ventricular tachycardia (Fig. 6). T'hus, the 
origin of the ventricular tachycardia was probably lo- 
calized to a small, relatively protected region of reentry 
or automaticity located in the posteroinferior left ven- 
tricle and was not due to macroreentry. 
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Serum total thyroxine, triiodothyronine and thyrotropin response to thy- 
rotropin-releasing hormone were measured in 75 consecutive patients 


presenting to a cardiology clinic with atrial fibrillation with no obvious - 


cardiovascular cause. A lack of response of serum thyrotropin to thyro- 
tropin-releasing hormone, indicative of thyrotoxicosis, was found in 10 


patients (13 percent), not all of whom had raised serum thyroid hormone . 


levels. These 10 patients were predominantly male, had no clinical signs - 
of thyrotoxicosis and a relative excess of nonpalpable autonomous thyroid — 


nodules demonstrated with scintigraphy. Eight of the 10 patients had re- — 


version to stable sinus rhythm after treatment with iodine-131 or carbi- 


mazole, either spontaneously or after direct current cardioversion. It would - 


appear that clinically occult thyrotoxicosis can be identified consistently 
only with the thyrotropin-releasing hormone test and is the cause of “‘id- 
iopathic"' atrial fibrillation in a significant proportion of patients. 


Thyrotoxicosis has long been recognized as a major cause of atrial fi- 
brillation, accounting for 14 percent of cases in an early series.! The 
original diagnostic tests for hyperthyroidism were relatively crude and 
in many instances the diagnosis was made primarily on clinical grounds. 
'The advent of sophisticated tests of thyroid function has allowed a 
biochemical diagnosis to be made independent of clinical findings. This 
study was undertaken to identify the incidence of thyrotoxicosis in pa- 
tients referred to a cardiology clinic for paroxysmal or persistent atrial 
fibrillation in whom the diagnosis of thyrotoxicosis was not made by the 
referring practitioner or with confidence by the consulting cardiolo- 
gist. 


Methods 


Patients: Seventy-five consecutive patients (51 men and 24 women with a 
mean age of 58.6 + 12.4 [standard deviation] years) were studied. They were 
referred to the Department of Cardiology between August 1977 and November 
1978 with sustained atrial fibrillation that could not be satisfactorily explained 
on the basis of cardiovascular disease. In each case the atrial fibrillation was 
confirmed with a routine electrocardiogram or ambulatory outpatient electro- 
cardiographic monitoring. The atrial fibrillation was considered “idiopathic” 
in 52 patients and an unexpected development in the natural history of an es- 
tablished cardiac disease in 23 patients (Table I). Mitral stenosis was excluded, 
where appropriate, with M mode echocardiography. A clinical diagnosis of 


thyrotoxicosis was suspected in two patients who each had slight diffuse en- 


largement of the thyroid gland. 

Biochemical measurements of thyroid function: In each of the 75 potios 
blood was withdrawn for the estimation of serum total thyroxine (T4), triiodo- 
thyronine (T3) and thyrotropin (TSH) level before and 20 minutes after the 
intravenous administration of 200 ug of thyrotropin-releasing hormone (TRH). 


Serum total triiodothyronine and thyroxine were measured with specific ra- ` 


dioimmunoassays?; the interassay precision level using anonymous control sera 
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averaged 7.9 percent for triiodothyronine and 11.7 percent for 
thyroxine, expressed as coefficient of variation. The normal 
ranges for serum total triiodothyronine were 1.1 to 2.2 nano- 
Tnoles (nmol)/liter for men and 1.1 to 2.6 nmol/liter for women; 
those for serum total thyroxine were 60 to 150 nmol/liter for 
both sexes. Serum thyrotropin was also measured by radio- 
immunoassay in which the between assay coefficient of vari- 
ation was 11.2 percent.? The normal range for serum thyro- 
tropin was less than 0.7 to 5.7 mU/liter; and the normal range 
of response 20 minutes after the intravenous administration 
of 200 ug of thyrotropin-releasing hormone was 3.9 to 25.3 
mU/liter.* 

Diagnosis of thyrotoxicosis: For the purposes of this 
study the diagnosis of thyrotoxicosis was made not on clinical 
grounds but. on the basis of lack of a serum thyrotropin re- 
sponse to thyrotropin-releasing hormone with or without 
raised levels of serum total triiodothyronine and thyroxine. 
Lack of response was defined as a failure of the 20 minute level 
of thyrotropin-releasing hormone to increase by more than 
0.5 mU/liter above the basal level. A thyroid scan was per- 
formed using technetium-99m pertechnetate in 9 of the 10 
patients with thyrotoxicosis. 


Results 


An absent serum thyrotropin response to thyrotro- 
pin-releasing hormone was found in 10 (4 women, 6 
men) of the 75 patients (13 percent), including 2 with 
associated heart disease in the form of an aortic and 
mitral valve lesion, respectively (Table I). The age, sex, 
levels of serum total triiodothyronine and thyroxine, the 
serum thyrotropin response to thyrotropin-releasing 
hormone, the thyroid scan appearances, the treatment 
and the cardiac rhythm after antithyroid therapy in 
these patients are shown in Table II. Except in Cases 2 
and 8 the thvroid hormone levels in the serum were ei- 
ther normal or only modestly elevated. The highest 
serum total thyroxine level was recorded in Patient 8, 
whose dominant clinical feature was extreme apathy. 
In 8 of the 10 patients stable sinus rhythm returned 
after antithvroid treatment, spontaneously in 6 and 
after cardioversion in 2. 


TABLE | 


?ossible Cardiovascular Causes of Atrial Fibrillation in 23 
of the 75 Patients Studied 


Patients (no.) 
Diagnosis Male Female 
Ischemic heart disease 
Suspected angina of effort or previous 7 3 
myocardial infarction 
Hypertension 1 1 
Congenital heart disease 
Persistent ductus arteriosus 1 
Divided ductus arteriosus 1 
Mild pulmonary valve stenosis 1 1 
Aortic valve prosthesis iy” 
Rheumatic heart disease 
Trivial mitral stenosis 1 
Mild aortic regurgitation 1 
Other 
Mild mitral regurgitation a 
Alcoholic cardiomyopathy 2 
Total 14 9 


* Patients with thyrotoxicosis. 
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In each of the remaining 65 patients there was a 
normal serum total triiodothyronine, thyroxine and 
thyrotropin response to thyrotropin-releasing hor- 
mone. 


illustrative Cases 
'The two patients (Cases 1 and 10) with normal levels 


of serum total triiodothyronine and thyroxine merit” * 


further description. 


Case !: A 46 year old woman was referred from another 
hospital because of an uncontrolled ventricular rate associated 
with dyspnea on exertion. Tachycardia persisted despite 
therapeutic serum digoxin levels and administration of oral 
propranolol, 10 mg every 8 hours. There were no clinical or 
historical features of thyrotoxicosis and no clinical, radio- 
graphic or echocardiographic evidence of mitral valve disease. 
Serum total thyroxine levels were repeatedly normal as were 
the serum total triiodothyronine levels, estimated for the first 
time after the administration of propranolol. Several attempts 
at direct current cardioversion at a maximum of 400 joules 
failed to establish a sinus rhythm. Because of the lack of serum 
thyrotropin response to thyrotropin-releasing hormone and 
the presence of a nonpalpable autonomous thyroid nodule 
detected with scintigraphy, a therapeutic dose of iodine-131 
was administered. Nine months later direct current cardio- 
version was successful at 100 joules. Serum total thyroxine 
had decreased from 102 to 80 nmol/liter and serum total tri- 
iodothyronine from 2.4 to 1.6 nmol/liter, and the serum thy- 
rotropin response to thyrotropin-releasing hormone was 
normal. It was assumed that the patient had a triiodothyro- 
nine thyrotoxicosis associated with an autonomous thyroid 
nodule but that the serum total triiodothyronine level was 
lowered by the administration of propranolol. 


Case 10: A 67 year old woman had severe heart failure and 
bilateral pleural effusions associated with atrial fibrillation 
and an uncontrolled ventricular rate. 'T'he ventricular rate and 
the heart failure responded to treatment with bed rest and 
administration of digoxin and diuretic agents. Because of the 
lack of serum thyrotropin response to thyrotropin-releasing 
hormone, carbimazole was added to the therapeutic regimen. 
'The atrial fibrillation reverted to stable sinus rhythm 6 weeks 
later, when the serum total triiodothyronine level had fallen 
from 1.8 to 1.2 nmol/liter and the serum total thyroxine level 
from 125 to 90 nmol/liter. The serum thyrotropin response to 
thyrotropin-releasing hormone was normal. It was thought 
that this patient, too, had a triiodothyronine form of thyro- 
toxicosis and that the severity of the heart failure resulted in 
a lowering of the serum total triiodothyronine level. The low 
levels of thyroid hormones in these two cases could not be 
accounted for by a reduced concentration of thyroid hor- 
mone-binding proteins because in each case the free thyroxine 
index was normal. 


Discussion 


No patient presenting to the cardiology clinic with 
atrial fibrillation was considered to have thyrotoxicosis 
by the referring medical practitioner. Furthermore, only 
2 of the 10 patients ultimately found to have thyrotox- 
icosis on the basis of biochemical criteria were suspected 
of having the disease by the consulting cardiologist. The 
rate of clinical detection of thyrotoxicosis might have 
been higher if the patients had been examined by an 
endocrinologist rather than a cardiologist. However, the 
typical signs and symptoms of thyrotoxicosis may be 





D 





absent in the older patient and the course of the disease 
may be dominated by heart failure and gastrointestinal 
or cerebral symptoms.’ In some elderly patients with 
thyrotoxicosis, illustrated by Case 8, the major features 
are those of extreme apathy and weight loss.6:7 
Screening tests for hyperthyroidism: Measure- 
ment of a single thyroid hormone is not a sufficient 
screening test for thyrotoxicosis in patients with atrial 
fibrillation. If the measurement of serum total thyroxine 
were the only thyroid function test employed in patients 
with atrial fibrillation due to “triiodothyronine-toxi- 
cosis” the condition would remain undetected. Indeed 
our study revealed an unexpected proportion of thyro- 
toxic patients with hyperfunctioning solitary thyroid 
nodules, and it is well recognized that there is a large 
incidence of preferential hypersecretion of triiodothy- 
ronine by such “hot” nodules.8 Measurement of serum 
total triiodothyronine levels would be equally unsatis- 
factory as a screening test. Most circulating total tri- 
iodothyronine is derived from the peripheral mono- 
deiodination of thyroxine. However, an alternative 
peripheral monodeiodination of thyroxine to form 
metabolically inactive reverse triiodothyronine pre- 
dominates in nonthyroidal illness? or as a result of drug 
therapy with propranolol!?.!! or corticosteroids. !2 
Thyrotoxic patients with associated nonthyroidal 
illness such as heart failure (Case 10) or those receiving 
drugs such as propranolol (Case 1) or corticosteroids 
may have serum total triiodothyronine levels within the 
normal range.!?^!4^ Furthermore serum total triiodo- 
thyronine levels are lowered with increasing age in 
healthy subjects over age 65 years,!? but reference 
normal ranges cited by laboratories are usually based 
on levels found in healthy young adults. In all forms of 
thyrotoxicosis there is a lack of response to serum thy- 
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rotropin after the administration of thyrotropin-re- | 


1 
1 


leasing hormone, and this response is unaffected by the 
previously described factors influencing serum total. 
triiodothyronine levels. The thyrotropin-producing cells | 


of the anterior pituitary gland, the thyrotropes, are very 


levels within the normal range, and a lack of response 


I 
q 


sensitive to changes in circulating thyroid hormone - 


of serum thyrotropin to thyrotropin-releasing hormone | 


may occur in a euthyroid patient whose serum total 
triiodothyronine and thyroxine levels are elevated for 
that person but still within the accepted normal range.!6 
It could be argued that Patients 1 and 10, whose serum 


total triiodothyronine and thyroxine levels were within - 


their respective normal ranges, did not have thyrotoxic 


atrial fibrillation. However, stable sinus rhythm was © 


established in both patients after antithyroid treat- | 


ment. 


Causes of atrial fibrillation: Atrial fibrillation oc- — 


curs in 10 percent of patients with clinically overt thy- 
rotoxicosis,! but it is not clear why the arrhythmia 
should develop in older patients with minor increases 


^ 
R 


1 


in circulating triiodothyronine and thyroxine levels or — 
occur more commonly in men than in women. It is — 


possible that these patients have coexistent subclinical 
ischemic heart disease or that there is simply a marked 


4 


2 
3 


patient to patient variation in the sensitivity of the - 


myocardium to thyroid hormones. 


Role of anticoagulant therapy: Although the use | 


of long-term anticoagulant agents in patients with 


rheumatic heart disease complicated by atrial fibrilla- | 


tion is widely accepted,!? it has not been our policy to 


4 
E 
* 


| 


E 


give anticoagulant therapy to patients with thyrotoxic | 


atrial fibrillation. However, Staffurth et al.!? recently 
suggested that the prophylactic use of anticoagulant 


li 
4 


agents in this latter group of patients can reduce the - 


Age, Sex, Serum Total Triiodothyronine (T3) and Thyroxine (T4) Levels, Thyrotropin-Releasing Hormone (TRH) Test, Thyroid 
Scan Results, Treatment and Eventual Cardiac Rhythm in the 10 Patients With Thyrotoxicosis 


——————————————————————————————————————————————— LLL 





Serum Serum Serum TSH (mU/liter) 
Case Age(yr)  TotalT; TotalT, ^  Responseto TRH . Thyroid 
no. & Sex (nmol/liter) (nmol/liter) Basal 20 min Scan Treatment Rhythm After Treatment 
1 46F 2.4 102 18 1.3 Autonomous lodine- 13 1 Cardioversion to sinus 
nodule rhythm at 9 months 
2 58F 5.4 242 1.1 1.2 Normal lodine- 13 1 Spontaneous sinus 
rhythm at 2 months 
3 51M 3.0 127 0.9 1.2 Autonomous lodine- 13 1 Spontaneous sinus 
nodule rhythm at 3 months 
4 51M 4.5 188 12 2.0 Autonomous lodine- 13 1 Cardioversion to sinus 
nodule rhythm at 6 months 
5 73M 4.3 193 1.2 1.0 Normal lodine- 13 1 Spontaneous sinus 
rhythm at 3 months 
6 76M 2.8 162 1.0 «0.7 Carbimazole Spontaneous sinus 
rhythm at 1 month 
7 47M 4.1 190 «0.9 «0.9 Normal lodine- 13 1 Spontaneous sinus 
rhythm at 1 month 
8 65M 3.8 312 «0.7 «0.7 Normal Carbimazole Sudden death from 
cerebral embolus 10 
! days after admission 
9 70F 3.7 192 1.0 1.0 Normal lodine-3 Persistent AF when 
euthyroid at 4 months 
10 67F 1.8 125 0.8 0.8 Normal Carbimazole Spontaneous sinus 
rhythm at 6 weeks 
AF = atrial fibrillation; TSH = thyrotropin. 
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morbidity and mortality from systemic embolism, and 
it is noteworthy that in our series there was one death 
Attributed to cerebral embolism (Case 8). 

Clinical implications: Our study not only demon- 
strates that a significant proportion (13 percent) of 
patients with “idiopathic” atrial fibrillation have bio- 
chemical evidence of thyrotoxicosis, but also confirms 
that this diagnosis may be readily missed in the older 
patient. Although the majority of such patients will be 
detected with measurement of both serum total thy- 
roxine and triiodothyronine levels, the most reliable 
screening test for thyrotoxicosis is measurement of the 


serum thyrotropin response to thyrotropin-releasing 
hormone. If this test is not performed or is unavailable, 
a small proportion of patients with thyrotoxic atrial fi- 
brillation will not be identified. It is important to detect 
patients with thyrotoxic atrial fibrillation because the 
majority will respond to appropriate antithyroid ther- 
apy with reversion to sinus rhythm, either sponta, 
neously or after electrical cardioversion. 
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Thirty survivors of acute myocardial infarction with 3+ or 4+ positive 
technetium-99m pyrophosphate myocardial scintigrams were followed 
up for 28 + 3.1 months (mean + standard deviation). Three patient groups 
were identified from the pattern of radioactive uptake in the scintigram: - 
Group I, 16 patients with focal uptake (anterior in 7, lateral in 2, posterior 
in 3 and inferior in 4); Group Il, 6 patients with anterior myocardial in- 
farction and a doughnut pattern of uptake; Group III, 8 patients with non- 
transmural myocardial infarction and a diffuse pattern of uptake. Late 
complications developed in all patients with the doughnut pattern of uptake - 
compared with 43 percent of patients with the focal pattern and 12 percent 
of patients with the diffuse pattern. After discharge from the hospital, five 
of six patients with a doughnut pattern of uptake died (mean survival time 
9.8 months after the initial myocardial infarction). This mortality rate (83 
percent) was significantly greater than that of patients with a focal 
(mortality rate 6 percent) or diffuse (no mortality) pattern of uptake. The 
doughnut pattern of technetium-99m pyrophosphate myocardial uptake 
in patients with acute myocardial infarction appears to identify a subgroup 
of patients with a very poor long-term prognosis. 


Despite some limitations in clinical diagnostic specificity," ? techne- 
tium-99m pyrophosphate myocardial imaging has proved to be a useful 
diagnostic test in patients with acute myocardial infarction.? Several 
recent reports^ § suggest that this technique may help to assess infarct 
size and, when myocardial uptake persists for more than 6 weeks, may 
predict high complication and mortality rates.’ Massive technetium-99m 
pyrophosphate myocardial uptake in patients with acute myocardial 
infarction has been reported to be associated with a poor prognosis.? In 
this report, we describe the prognostic implications of the pattern of 
technetium-99m pyrophosphate myocardial uptake, as seen in the initial 
scintigram in a selected group of patients with initially uncomplicated 
acute myocardial infarction whose condition was relatively stable. 


Methods 


Patient selection: Thirty patients with acute myocardial infarction admitted 
to the coronary care unit at the University of Missouri Medical Center were se- 
lected for inclusion in this study. The criteria for selection of patients were (1) 
evidence of acute myocardial infarction, based on the changes in the electro- 
cardiogram and in the levels of serum creatine kinase (CK), glutamic oxaloacetic 
dehydrogenase (SGOT) and lactic dehydrogenase (LDH), obtained during the 
first 3 days of hospitalization; (2) a positive technetium-99m pyrophosphate 
myocardial scintigram, with radiopharmaceutical uptake of an intensity equal 
to or greater than that in the sternum; and (3) absence of clinical evidence of 
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previous infarction. Because the patients had to be trans- 
ported to the Nuclear Medicine laboratory for imaging, only 
those in relatively stable condition were selected for study. 

"Patients with evidence of cardiogenic shock, pump failure or 
serious ventricular arrhythmias were excluded from this in- 
vestigation. 

Twenty-two of the 30 patients had acute transmural myo- 
cardial infarction, confirmed by the development of significant 
new Q waves in the electrocardiogram, in addition to diag- 
nostic elevations in serum enzyme values. Electrocardio- 
graphic location of transmural myocardial infarction as an- 
terior, posterier, lateral or inferior was based on the pre- 
dominant area of S-T segment and QRS changes in the elec- 
trocardiogram. Eight patients had nontransmural myocardial 
infarction based on a rise in serum enzyme values without 
development of significant new Q waves in the electrocardi- 
ogram. 

Early (in-hospital) complications were defined as: (1) 
recurrence of chest pain after the first 24 hours of hospitali- 
zation; (2) ventricular arrhythmias persisting after the first 
48 hours and requiring therapy; (3) atrioventricular or intra- 
ventricular conduction disturbance; and (4) congestive cardiac 
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failure (manifested by the presence of a ventricular gallop 
rhythm, bilateral basilar rales and chest X-ray evidence of 
pulmonary congestion). 

Imaging techniques and data analysis: Myocardial 
imaging was performed on the 2nd or 3rd day of hospitaliza- 
tion. A 15,000 hole, low energy all purpose collimator was used 
for imaging. Scintigrams were obtained in anterior, 45° left 
anterior oblique and lateral positions, 1 hour after the intra-, 
venous injection of 15 mCi of technetium-99m pyrophosphate. 
In five patients, serial scintigrams were obtained for up to 4 
months after the initial study. The intensity of the techne- 
tium-99m pyrophosphate uptake was graded from 0 to 4+ 
according to the method of Parkey et al.? Scintigrams were 
classified as showing a “focal” pattern when the uptake was 
discrete, a “diffuse” pattern when the edges of the uptake were 
poorly defined and a “doughnut” pattern” when the uptake 
appeared in the form of a large rim with a clear central zone. 
In patients with anteriorly located myocardial infarction, the 
area of technetium-99m pyrophosphate myocardial uptake 
was measured by planimetry in anterior, left anterior oblique 
and lateral projections. The largest area of uptake, which was 
in the anterior projection in all patients, was used for analysis. 


FIGURE 1. Patterns of techne- 
tium-99m pyrophosphate myocar- 
dial uptake in anterior (A), 45° left 
anterior oblique (O) and lateral (L) 
views. Solid arrows show the area 
of infarction and open arrows show 
the sternum (A,O) and spine (L). 
Upper panel, focal pattern of up- 
take from a patient with acute an- 
terior myocardial in*arction. Middle 
panel, doughnut pattern of uptake 
in a patient with massive anterior 
myocardial infarction. Lower panel, 
diffuse pattern of uptake in a patient 
with acute subencocardial myo- 
cardial infarction. 
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TABLE | 
Scintigraphic and Clinical Data in Patients With Acute Myocardial Infarction 
ECG Location of f 
Group Pattern of Myocardial Infarction Maximal Serum Mean Time 
(no. of Mean Tc-99m Pyp Transmural CK Units Complications Mortality to Death* 
patients) Age (yr) Uptake Ant Lat Post Inf Subendocardial (mean + SD) Early Late Early Late (mo) 
* |(16) 57.4 Focal 7 2 3 4 0 327 167.3 7(43%) 7(43%) 0 116%) 14 
Il (6) 53.0 Doughnut 6 0 0 0 0 367 +72.5  3(5096) 6(100%) 0  5(8396)! 9.8 
I (8) 61.3 Diffuse 0 0 0 0 8 297 +81.1 4(50%) 1(1296) 0 0 0 


* Mean time after the initial myocardial infarction. 
* P «0.001 Fisher's exact test. 


Ant = anterior; Inf = inferior; Lat = lateral; Post = posterior; SD = standard deviation; ECG = electrocardiographic; Tc-99m Pyp = technetium-99m _ 


pyrophosphate. 


A radioactive grid source of known dimensions was imaged 
and used for calibration of scintigrams. The technetium-99m 
pyrophosphate area of uptake thus obtained was expressed 
in square centimeters. 

All scintigrams were evaluated prospectively for the in- 
tensity and pattern of uptake by two independent observers 
without prior knowledge of the clinical status of the patient. 
'The observers agreed completely on their findings in all pa- 
tients. Measurements of the areas of technetium-99m pyro- 
phosphate myocardial uptake were obtained retrospectively 
by the same set of two independent observers. ‘There was 
complete agreement between the two observers in 10 of the 
lA scintigrams measured. Minor discrepancies in the mea- 
surements of the remaining three scintigrams were resolved 
by redefining and remeasuring the areas of interest after a 
mutual discussion of the two observers. 

Follow-up of patients: After hospital discharge the pa- 
tients were followed up by periodic examination in the out- 
patient clinic for 22 to 30 months (mean 28 months). Late 
complications (after hospital discharge) were defined as: (1) 
recurrent myocardial infarction, (2) unstable angina pectoris, 
(3) congestive cardiac failure, (4) ventricular arrhythmias 
requiring treatment, and (5) cardiogenic shock. Deaths that 
occurred after the initial or second hospital discharge either 
were sudden or occurred after another documented myocar- 
dial infarction or severe refractory congestive cardiac failure 
or both. Autopsy data were obtained in one patient who had 
a doughnut pattern of technetium-99m pyrophosphate up- 
take. 


Results 


Representative technetium-99m pyrophosphate 
scintigraphic patterns in the three groups of patients 
are shown in Figure 1. Table I summarizes the scinti- 
graphic and clinical data, and Table II lists the types of 


TABLE Il 
Types of Complications Observed 


Early Complications (no. of patients) 


Group (no. Recurrent Vent Conduction 
of patients) Chest Pain Arr Disorder 
| (16) 2 2 2 
Il (6) 0 3 0 
Ill (8) 0 3 0 


* P «0.001 (Fisher's exact test). 
t P «0.02 (Fisher's exact test). 


— OD at 


complications observed after acute myocardial infarc- 
tion. 

Group I: In 7 of the 16 patients with a focal pattern 
of technetium-99m pyrophosphate myocardial uptake 
complications developed during the initial hospitali- 


zation. Conduction disorders developed in two patients, — 


left bundle branch block in one and transient second 
degree atrioventricular block in the other. One patient 
who had congestive heart failure and required digitalis 
therapy at the time of discharge exhibited progressive 
worsening of cardiac failure and died at home 14 months 
after infarction. Two patients had a second myocardial 
infarction and were readmitted to outside hospitals. 
After the second infarction, both patients experienced 
angina pectoris, which was well controlled with medical 
management. The two patients with frequent prema- 
ture ventricular beats during the follow-up period re- 
quired chronic antiarrhythmic therapy with procain- 


amide. New left bundle branch block was noted on a | 


follow-up electrocardiogram in one patient 4 months 
after hospital discharge. 

Because all Group II patients had anterior myocardial 
infarction, a subset of Group I patients with anterior 
infarction was analyzed. The seven patients in this 
subset had an area of technetium-99m pyrophosphate 
myocardial uptake measuring 18.4 + 5.5 cm? (mean + 
standard deviation), and their overall complication rate 
was 57 percent, with no mortality. 

Group II: All six patients with a doughnut pattern 
of technetium-99m pyrophosphate myocardial uptake 
had an anteriorly located myocardial infarction. The 
mean area of technetium-99m pyrophosphate myo- 


Late Complications (no. of patients) 


Recurrent Angina Vent Conduction 
MI Pectoris Arr Disorder CHF 
2 2 2 1 0 3. 
1 6* 0 0 3t 
1 0 0 0 0 


CHF = congestive heart failure; MI = myocardial infarction; Vent Arr = ventricular arrhythmia. 


July 1979 The American Journal of CARDIOLOGY Volume 44 “15 ` 


TECHNETIUM-99M PYROPHOSPHATE MYOCARDIAL SCINTIGRAPHY—AHMAD ET AL. 


cardial uptake in this group was 30.8 + 6.5 cm?, a value 
significantly larger than that in the subset of patients 
,Vith anterior infarction in Group I (P «0.01). 

Serial scintigrams were obtained for 4 months after 
myocardial infarction in three patients with evidence 
of congestive cardiac failure during their initial hospi- 
talization. The scintigrams of all three patients showed 
filling in of the doughnut-shaped area, with persistent 
diffuse uptake. T'wo of these patients also had persistent 
S-T segment elevation in the electrocardiogram local- 
ized to the area of myocardial infarction. Coronary and 
left ventricular cineangiograms performed in one of 
these patients revealed diffuse inoperable three vessel 
coronary artery disease associated with a large apical 
left ventricular aneurysm and poor left ventricular 
function. The three patients without evidence of con- 
gestive cardiac failure during their initial hospitalization 
subsequently had progressive congestive cardiac failure 
requiring treatment. A follow-up scintigram obtained 
in one of these patients showed complete resolution of 
the scintigraphic activity before hospital discharge. In 
the patient with recurrent myocardial infarction a re- 
peat myocardial scintigram was not obtained at the time 
of the recurrence. The patient survived his myocardial 
infarction, but worsening of congestive cardiac failure 
developed. 

Five of the six patients died within a year (mean 9.8 
+ 2.1 months) of their initial myocardial infarction. 
Three died of progressive congestive cardiac failure 
without evidence of recurrent myocardial infarction. 
'The mean time of death in these three patients was 8.6 
months after infarction. The postmortem examination 
of one of these patients showed diffuse three vessel 
coronary artery disease with markedly dilated left 
ventricle without evidence of an acute myocardial in- 
farction or a discrete left ventricular aneurysm. T'wo 
additional patients who were being followed up in the 
outpatient clinic for severe congestive cardiac failure 
and angina pectoris died suddenly at home. One expe- 
rienced an episode of chest pain lasting several minutes 
before death and the other an episode of markedly in- 
creased shortness of breath immediately before death. 
These two patients died a mean of 10.5 months after the 
initial infarction. The late mortality rate (83 percent) 
in this group of patients was significantly greater than 
that of patients in Groups I or III (P «0.001, Fisher's 
exact test). It was also significantly greater than that of 
the subgroup of patients with anterior infarction in 
Group I (P «0.01, Fisher's exact test). 

Group III: All eight patients with nontransmural 
myocardial infarction and a diffuse pattern of techne- 
tium-99m pyrophosphate uptake survived the hospi- 
talization and follow-up period. Serial scintigrams ob- 
tained in one patient for 4 months after infarction 
showed persistent 2+ diffuse uptake. Recurrent sub- 
endocardial myocardial infarction occurred in one pa- 
tient 1 year after hospital discharge. 

Maximal serum CK enzyme levels were not signifi- 
cantly different in the three groups of patients. In ad- 
` dition, there was no significant difference between 
maximal serum CK levels in Group II patients and the 
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subset of patients with anterior infarction in Group I. 
The incidence of risk factors for coronary artery disease 
(that is, hypertension and diabetes mellitus), was not 
significantly different in the three groups. Serum lipid 
levels, measured in Groups I and II only, were not sig- 
nificantly different. 


Discussion e 


Technetium-99m pyrophosphate myocardial imaging 
has become a valuable tool in the diagnosis of acute 
myocardial infarction. This technique is sensitive in 
detecting acute myocardial infarction?; However, in 
contrast to findings in experimental animals,!? the 
clinical diagnostic specificity of a positive techne- 
tium-99m pyrophosphate myocardial scintigram has 
been found to be somewhat limited.'? 

Recent reports have examined the prognostic value 
of technetium-99m pyrophosphate myocardial scin- 
tigraphy in acute myocardial infarction.^? The extent 
of the myocardial uptake of the tracer has been shown 
to correlate well with the size of an anterior infarct.*-9 
Myocardial scintigrams that remain positive for more 
than 6 weeks after myocardial infarction have been as- 
sociated with a high complication rate." Holman et al.? 
recently reported a high complication rate in patients 
with acute myocardial infarction and large areas of 
technetium-99m pyrophosphate myocardial uptake who 
were followed up for a mean time of 6.1 months. The 
preliminary observations of Rude et al.!! suggest a large 
incidence of early complications, especially congestive 
cardiac failure, in patients with acute myocardial in- 
farction and the doughnut pattern of technetium-99m 
pyrophosphate myocardial uptake. Long-term follow- 
up of survivors of acute myocardial infarction with 
positive myocardial scintigrams has not been re- 
ported. 

Prognostic significance of doughnut pattern of 
myocardial uptake: In this study, we followed up pa- 
tients with acute myocardial infarction and positive 
technetium-99m pyrophosphate myocardial scintigrams 
for 22 to 30 months. Unlike Holman et al.,? we did not 
include in our study patients with severe left ventricular 
failure, pulmonary edema, cardiogenic shock or major 
ventricular arrhythmias. Only patients in relatively 
stable condition with an initially uncomplicated acute 
myocardial infarction were selected for imaging. This 
apparent limitation in our study, imposed by the 
nonavailability of the portable scintillation camera for 
bedside imaging in the coronary care unit, subsequently 
proved to be an asset to the experimental design. The 
doughnut pattern of technetium-99m pyrophosphate 
myocardial uptake in patients with initially stable acute 
myocardial infarction was a marker for a poor long-term 
prognosis. All of our patients with this pattern had an- 
teriorly located myocardial infarction, a location known 
to be associated with a higher complication rate.!?.!? 
However, seven patients with anterior infarction had 
a focal pattern of uptake. In these patients there were 
no deaths. A diffuse pattern of technetium-99m pyro- 
phosphate myocardial uptake was associated with ane 
overall low complication rate. 
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Although the total number of patients in this study 
was somewhat small, the striking difference in the 
long-term clinical course of the three patient groups 
suggests that the pattern of technetium-99m pyro- 
phosphate myocardial scintigram may be of prognostic 
value in patients with acute myocardial infarction and 


„ê relatively uncomplicated initial hospital course. 


Mechanism for the doughnut pattern of techne- 
tium-99m pyrophosphate uptake. The mechanism is 
presumably related to absent radiopharmaceutical ac- 
cumulation in the central nonperfused portion of a large 
myocardial infarction.!*!? The large incidence of con- 
gestive cardiac failure in these patients appeared to be 
the result of a large myocardial infarct with secondary 
loss of a major portion of the myocardium. In all of our 
patients with the doughnut pattern of uptake, the area 
of technetium-99m pyrophosphate myocardial uptake 
was significantly larger than the area of uptake in pa- 
tients with anterior myocardial infarction whose scin- 
tigram had a focal pattern of uptake. However, in none 
of our patients with the doughnut pattern did the area 
of pyrophosphate uptake exceed 40 cm?, which, in 


Holman’s series,® was associated with high early com- 
plication and mortality rates.5 Thus, the small incidence 
of major early complications and mortality in our group - 
of patients with doughnut pattern may be related to a 
critical infarct size that allows early survival but pre- | 
disposes to long-term complications. The late devel- 
opment or worsening, or both, of preexisting congestive 
cardiac failure, after discharge from the hospital, may - 
be the result of progressive myocytolytic degeneration 
involving muscle cells surrounding large areas of non- 
viable myocardium.!9 

Clinical implications: The doughnut pattern of 
technetium-99m pyrophosphate myocardial uptake 
identifies a subset of patients with acute myocardial 
infarction who have a poor prognosis. These patients 
may have a relatively uncomplicated initial hospital 
course but subsequently have high complication and 
mortality rates. This information may be of value in 
selecting patients for further diagnostic studies and for 
possible early therapeutic intervention. Prospective 
studies involving a larger number of patients are needed 
to further confirm these observations. 
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The sensitivity, specificity and predictive value for Q-X/Q-T ratio, Q-Tc 
interval, S-T segment depression, R wave change and various combina- 
tions of these criteria were compared in 50 healthy, normal persons and 
50 persons with angiographic coronary artery disease defined as 70 
percent or greater stenosis of one or more major coronary vessels. Use 
of a positive S-T segment response and an increase or no change in R 
wave amplitude as criteria for coronary artery disease resulted in 84 
percent sensitivity and 96 percent specificity levels and a 95 percent 
predictive value. The Q-X/Q-T and Q-Tc criteria offered no improvement 
in sensitivity, specificity or predictive value over S-T segment depres- 
sion. 

When the study group was limited to 74 persons, 36 without and 38 with 
angiographically significant coronary artery disease, a Q-Tc interval of 
1.08 or more in combination with either slowly or rapidly upsloping S-T 
depression after exercise predicted coronary disease at a sensitivity level 
of 76 percent compared with 50 percent with use of the S-T segment alone 
(P «0.05). Specificity was not significantly reduced (89 percent for the 
S-T segment alone, 79 percent with the addition of the Q-Tc interval) (P 
2 0.05). 

Use of the R wave response with the presence of upsloping S-T segment 
depression of 1.5 mm or more 80 msec from the J point improved the 
sensitivity level from 50 percent for S-T depression alone to 76 percent 
(P «0.05); specificity and predictive value were not significantly reduced 
(81 percent for each | P >0.05]). The Q-X/Q-T ratio could be measured 
in only 55 patients (74 percent) and offered no improvement over S-T 
segment depression. y 

Upsloping S-T segment depression of 1.5 mm or more 80 msec from 
the J point in the immediate postexercise period is most likely a positive 
test for ischemia. An increase or no change in R wave amplitude in re- 
sponse to exercise in these patients regardless of the degree of S-T 
segment depression is probably indicative of coronary artery disease. In 
patients with upsloping S-T segment depression, a Q-Tc interval of 1.08 
or more in the immediate postexercise period is a useful measurement 
in predicting coronary artery disease. | 


Indexes other than S-T depression have important diagnostic and 
prognostic value in interpreting the treadmill stress test. As a result, 
clinicians and investigators have begun to use a multivariate system!” 
to give appropriate weight to each index in the final interpretation of 
the stress test. [n an attempt to investigate new indexes, we examined 
the Q-T interval, which has been studied in the past with varying re- e 
sults. 
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Master and Rosenfeld? reported that the use of the 
Q-Tc interval, defined as the Q-T interval/0.4 VR-R 
and a Q-X/Q-T ratio could reliably separate normal 
subjects from patients with coronary artery disease. 
They found that slowly upsloping S-T segment de- 
pression of less than 2 mm with a Q-X/Q-T ratio of 0.5 
or more and a Q-Tc interval of 1.08 or more was a posi- 
tive Master test, whereas slowly upsloping S-T de- 
pression of less than 2mm with a Q-X/Q-T ratio of less 
than 0.5 and a Q-Tc interval of less than 1.07 was a 
negative test. However, Kemp* found that the Q- Tc 
interval correlated poorly with the S-T response to 
treadmill exercise and also noted a poor specificity. 
Likewise, Friedberg et al.° found that Master's criteria 
for the Q-X/Q-T ratio and Q-Tc interval had a 32 per- 
cent false positive and an 18 percent false negative rate. 
Robb and Marks? found that the Q-Tc criterion had a 
45 percent false positive and a 40 percent false negative 
rate. They also noted that the Q-X/Q-T ratio had a 50 
percent false positive rate but a sensitivity level ap- 
proaching 100 percent. They concluded that the Q- Tc 
and Q-X/Q-T criteria were unreliable. Frankl et al.’ 
found that the Q-Tc interval increased during the 
Master two-step test but not always to 1.08 or more. 
They concluded that a qualitative increase in the Q- Tc 
interval was more important than the actual quantita- 
tiwe value of the increase. Because the majority of the 
published reports failed to correlate the Q- T changes 
with angiographic data, we initiated this study. Our 
purpose was to investigate the Q-Tc. interval and the 
Q-X/Q-T ratio during treadmill stress testing and to 
determine the predictive ability of the two criteria to 
separate normal patients from patients with angio- 
graphically significant coronary artery disease and to 
compare this ability with that of the criteria of S-T 
segment depression and change in R wave amplitude. 


Methods 
Patients 


Normal subjects: Fifty apparently healthy subjects, 40 
men and 10 women whose ages ranged from 19 to 40 years 
(mean 33), were subjected to treadmill stress testing. Their 
history and physical examination were normal and revealed 
no signs or symptoms suggestive of heart disease. These pa- 
tients were volunteers with no known risk factors for coronary 
artery disease and were part of the Long Beach Heart Asso- 
ciation study of risk factors.? None of these subjects under- 
went angiography. 

Patients with coronary artery disease: A second group 
of 50 patients with angiographically proved coronary artery 
disease were nonconsecutively selected from our records of 
patients who had both an angiogram and treadmill stress test. 
The interval from the angiogram to the stress test ranged from 
the same day to 4 months. The patients' ages ranged from 46 
to 69 years (mean 54). There were 40 men and 10 women. 

Subjects with upsloping S-T segment: Another cohort 
of 74 patients was selected that included 26 patients from the 
original cohort of 100 patients. All of these 74 patients had an 
upsloping S-T segment pattern in the immediate postexercise 
period. All of the patients, except for 12 who were in the nor- 

* mal group, underwent angiography because they had symp- 
toms suggestive of coronary artery disease. Of the 62 patients 
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who had an angiogram, 24 had no or insignificant disease, 


whereas 38 patients had significant coronary artery disease . 
defined as 70 percent or more stenosis of one or more major — 


coronary arteries. There were 58 men and 16 women in this 
group, and their ages ranged from 21 to 69 years (average and 
median 53 years). 


This cohort was selected to determine and compare dif- — 


ferences in sensitivity, specificity and predictive value for the 
S- T response (rapidly or slowly upsloping pattern), R wave 
amplitude change and various Q-T measures. The two cohorts 
were selected so as to apply the Master criteria for the Q- 
X/Q-T ratio and Q-Tc interval to a group of patients with 
upsloping S-T depression, rapid or slow, and a group with all 
forms of S- T depression. 

Patients with valvular heart disease, cardiomyopathy, 
conduction defects, systolic or diastolic hypertension (defined 
as a systolic blood pressure of 150 mm Hg or greater or a dia- 
stolic blood pressure of 90 mm Hg or greater), mitral valve 
prolapse or a history of ingestion of digitalis, beta adrenergic 
blocking agent or diuretic agents were excluded from the 


study. Patients with arrhythmias or ectopic beats with exer- . 


cise were also excluded as well as patients with a previous in- 
farct by electrocardiographic criteria. 


Treadmill Stress Tests 


Measurements and criteria for positive test: Patients 
were subjected to a progressive maximal exercise stress test 


according to the Ellestad protocol?!” using a three lead system — 
consisting of a bipolar lead CMs, bipolar lead III and a uni- © 


polar V, lead. Significant S- T depression was defined as 1 


mm or greater S-T depression below the resting level 60 msec _ 


from the J point if the depression was horizontal or flat and 
1.5 mm or more S-T depression 80 msec from the J point if the 
depression was upsloping in the immediate postexercise pe- 
riod. One mm of downsloping S- T depression from the base- 
line at the J point in the immediate postexercise period was 
also a criterion for a positive test. Rapidly upsloping S-T | 
segment depression was defined as depression of the J point — 
with 1.5 mm or greater S-T depression 80 msec from the J 


point, whereas slowly upsloping S-T segment depression was — 


defined as 1.5 mm or more S- T segment depression 80 msec 


from the J point (Fig. 1A). All subjects in the normal group ~ 


as well as those with upsloping depression and angiographi- 
cally normal coronary arteries reached at least 90 percent of 


their maximal age-predicted heart rate response to exer- | 


cise. 

The Q-T interval was measured from the beginning of the 
QRS complex to the notch formed by the merging of the T 
wave and P wave of the next beat (Fig. 1B). Three beats were 
measured and an average then taken. This interval was mea- 
sured in the tracings obtained immediately and 1 minute after 
exercise. 

The measurements for the S- T segment, R wave and Q-T 
interval were made using only the CM; lead for comparison 
because our previous R wave data were based on the CM; 
lead. 

The Q-T. interval, defined as Q- T measured/0.4 /R-R , 
and the Q- X/Q-T ratio, defined as the measurement from the 
beginning of the QRS complex to the point of crossing of the 
baseline of the S- T segment divided by the Q- T interval (Fig. 


1B), were determined for the period immediately and 1 minute ~ 


after exercise. A positive Q- Tc response to exercise was de- 
fined as a measurement of 1.08 or more whereas a normal re- 
sponse was defined as a value of 1.08 or less. A positive Q- 
X/Q-T response to exercise was defined as a value of 0.50 or 
more, whereas a normal response was defined as a value of 0.50 
or less. 
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FIGURE 1. Upsloping S-T segment measurement. A, in upsloping S-T segment depression, the S-T segment is measured 80 msec from the J point. 
In this example, there is 1 mm of S-T segment depression 80 msec from the J peint. B, The Q-T interval is measured from the QRS complex to 
the point of merging of the T wave and P wave of the next beat in the immediate postexercise period. The Q-X interval is measured from the QRS 
complex to the point where the S-T segment recrosses the baseline in upsloping S-T segment depression. 


The R wave was measured from the baseline or P-Q junc- 
tion to the tip of the R wave for an average of six beats in both 
the control and immediate postexercise periods during 
standing. An increase or no change in the R wave over control 
in the immediate postexercise period was defined as a positive 
response for ischemia whereas a decrease in R wave amplitude 
in the immediate postexercise period over the control value 
was taken as a normal response.1.!? 

Statistical evaluation: Sensitivity was defined as true 
positive responses/true positive 4- false negative responses. 
Specificity was defined as true negative responses/true 
negative + false positive responses. Predictive value for a 
positive response was defined as true positive responses/true 
positive + false positive responses. 

The sensitivity, specificity and predictive value for S-T 
segment depression, R wave amplitude change, the Q-X/Q-T 
ratio and the Q- Tc interval were determined and compared 
within the two patient cohorts. Significant differences for 
sensitivity and specificity for S-T depression, R wave change 
and Q-T changes were determined using the McNemar test. 
Predictive value differences were subjected to chi-square 
analysis. 


Cardiac Catheterization 


'This procedure was performed using either the Sones or 
Judkins technique. No patient had clinical heart failure at the 
time of catheterization. Coronary angiography was performed 
using 35 mm film with multiple views. Single plane left ven- 
tricular angiography was performed in the right anterior 
oblique projection. The criterion for diagnosis of coronary 
artery disease was luminal stenosis greater than 70 percent 
of one or more coronary arteries. 

The coronary anatomy and left ventricular angiogram were 
graded without prior knowledge of the treadmill stress test 
results. Exercise electrocardiograms and angiograms were 
reviewed separately by two independent observers, and any 
discrepancies were resolved by a third observer. 


c PN Results 
Normal Group Versus Patients With Coronary Disease 


. Q-X/Q-T ratio and Q-Tc interval: These indexes 
were measured in both the immediate and the 1 minute 
postexercise periods. These time periods were chosen 
because the Master test measurements are made be- 
tween the two periods.!? 

The Q-X/Q-T ratio correctly identified 13 of 34 
normal subjects (38 percent) immediately after exercise 
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and 32 of 39 (82 percent) 1 minute after exercise. The 
ratio correctly identified 16 of 16 pateints with coronary 
artery disease (100 percent) immediately after exercise 
and 14 of 16 (88 percent) 1 minute after exercise. We 
therefore used the Q-X/Q-T ratio in the 1 minute 
postexercise period as the measure for the Q-X/Q-T 
ratio in this study. 

The Q-Tc interval correctly identified 29 of 42 nor- 
mal persons (69 percent) immediately after exercise and 
7 of 48 (15 percent) 1 minute after exercise. It correctly 
identified 41 of 44 patients with coronary artery disease 
(93 percent) immediately after exercise and 39 of 44 (89 
percent) 1 minute after exercise. We therefore used the 
Q-Tc interval in the immediate postexercise period to 
measure of the Q-Tec interval in this study. 

Sensitivity, specificity and predictive value: Table 
I shows the sensitivity, specificity and predictive values 
for S-T segment depression, R wave change, either a 
positive S-T or R wave response, Q-Tc interval, Q-X/ 
Q-T ratio and either a positive S-T or a positive Q-Tc 
response. The differences in these values for the R wave 
were not significant when compared with the S- T re- 
sponse to exercise (P >0.05). This was also true for a 
positive S-T or R wave response to exercise (P 
20.05). 

The Q-Tc criterion had significantly greater sensi- 
tivity than S- T depression (P <0.01) but also signifi- 
cantly less specificity (P <0.01). It therefore offered no 
improvement over the S-T criterion. The Q-X/Q-T 
criterion had no significant difference in sensitivity (P 
20.05), but had significantly less specificity (P <0.01). 
It also offered no improvement over the S-T criterion. 
A positive S-T or Q-Tc response had significantly 
greater sensitivity (P «0.01) but also significantly less 
specificity (P «0.01) and a lower predictive value (P 
« 0.05). 

The Q- Tc interval could be measured and calculated 
in only 84 percent (42 of 50) of the normal persons and 
88 percent (44 of 50) of the patients with coronary artery 
disease. In the normal group, in persons achieving rapid 
heart rates at peak exercise the T wave and P wave of 
the next beat merged so that the Q- Tc interval could not 
be measured in the CMs lead (Fig. 2A). In the group e 
with coronary artery disease, downsloping depression 
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Q-T CHANGES WITH STRESS TESTING—GREENBERG ET AL. 


TABLE | 


Sensitivity, Specificity and Predictive Values of R Wave, S-T and Q-T Changes in Patients With All Forms of S-T Segment 


.Depression on Exercise Testing 


Cl: mae FE ee di ueni M RN VT UR UO PRESA E CERTO TER DENEN A AUR RECIPE 


S-T R 
Sensitivity 7696 (38/50) 60% (30/40)* 
Specificity 98% (49/50) 9896 (49/50)* 
Predictive value 97% (38/39) 9796 (30/31)* 
* Difference not significant (P ? 0.05). 
t P «0.01. 
t P «0.05. 


with T wave inversion made determination of the Q-T 
interval difficult (Fig. 2B). 

The Q-X/Q-T ratio could be measured in 78 percent 
(39 of 50) of the normal persons but in only 32 percent 
(16 of 50) of the patients with coronary artery disease. 
In the latter group, the S-T segment never recrossed the 
baseline with horizontal or downsloping S-T depression 
(Fig. 2C). In many normal patients the S-T segment 
returned to baseline at the origin of the T wave or in the 
T wave itself (Fig. 2D). 


Subjects With J Point or Upsloping S-T Depression 


Q-X/Q-T ratio and Q-Tc interval: The Q-X/Q-T 
ratio could be measured in 81 percent (29 of 36) of the 
normal subjects and in 68 percent (26 of 38) of the pa- 
tients with coronary artery disease. The Q-Tc interval 
could be measured in 97 percent (37 of 38) of the pa- 
tients with coronary artery disease and in 92 percent (33 
of 36) of the normal subjects. 

Sensitivity, specificity and predictive values: The 
sensitivity, specificity and predictive values for a posi- 
tive test were not significantly different (P >0.05) when 
the R wave was compared with S-T depression. How- 
ever, when either a positive R wave or a positive S-T 
response was used as a criterion for a positive test, the 
sensitivity was significantly increased (P «0.5) although 
the specificity and predictive values were not signifi- 
cantly reduced (P >0.05). This was also true for the 
Q- Tc criterion, which had a significantly greater sen- 
sitivity (P <0.05) but no difference in specificity or 
predictive value (P >0.05) by comparison with S-T 
depression (Table II). The Q-X/Q-T criterion had sig- 


TABLE Il 


S-T or R Q-Tc 
8496 (42/50)* 
96% (48/50)* 
9596 (42/44)* 


Q-X/Q-T 
8896 (14/16)* 
82% (32/39)! 
6796 (14/21)* 


S-T or Q-Tc 


93% (41/44)! 9896 (43/44) 


69% (29/42) 


76% (41/54)* 7796 (43/56)! 


nificantly greater sensitivity than S- T depression but 
also significantly reduced specificity (P «0.01). Con- 
sequently, it offered no improvement over the S- T re- 
sponse. 

When either a positive S-T or a positive Q- Tc re- 
sponse to exercise was used as a criterion for a positive 
test, the sensitivity was significantly increased (P «0.01) 
over the value for the S-T response alone and the 
specificity and predictive value were not significantly 
reduced (P »0.05). However, there was a 16 percent 
difference between specificity for S- T depression and 
either a positive S- T or a positive Q- Tc response; also, 
the Q- Tc interval could not be measured in all cases? 


Discussion 


Correlation of Q-Tc interval and Q-X/Q-T ratio 
with S-T depression: In our study, in patients with all 
forms of S-T depression, the Q- Tc interval significantly 
improved sensitivity but also significantly reduced 
specificity. The Q-X/Q-T criterion not only failed to 
improve sensitivity but also reduced specificity. Neither 
criterion improved the diagnostic accuracy of the stress 
test over the values for S-T segment depression 
alone. 

When the Q-Tc interval and Q-X/Q-T ratio were 
studied in the 74 patients with an upsloping S-T pat- 
tern, a positive Q-Tc interval significantly improved 
sensitivity from 50 percent for S-T depression alone to 
76 percent for the combination. The specificity was 
reduced from 89 percent for S- T depression to 79 per- 
cent, but this difference was not significant. The pre- 


Sensitivity, Specificity and Predictive Values of R Wave, S-T and Q-T Changes in Patients With Rapid or Slow Upsloping S-T 


Segment Depression on Exercise Testing 
S-T R 


50% (19/38) 58% (22/38)* 
89% (32/36) 89% (32/36)* 
8396 (19/23) 8596 (22/26)* 


* Difference not significant. 
t P «0.01. 
t P «0.05. 


Sensitivity 
Specificity 
Predictive value 


S-T or R Q-Tc 


76% (29/38): 
8196 (29/36)* 
8196 (29/36)* 


Q-X/Q-T 


81% (21/26)! 
38% (11/29)! 
5496 (21/39)* 


S-T or Q-Tc 


8996 (33/37)! 
7396 (24/33)* 
79% (33/42)* 


7696 (28/37) 
7996 (26/33)* 
80% (28/35)* 


The use of S-T depression of 1.5 mm or more at 80 msec from the J point or an R wave increase or no change as criteria for a positive test sig- 


nificantly increased sensitivity (P <0.05) without significantly reducing specificity or predictive value. The Q-Tc interval accomplished the same ® 


goal as well as the S-T or Q-Tc criteria. 
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6996 (29/42) * e 








dictive value decreased from 83 percent for S-T de- 
pression to 80 percent. The Q-X/Q-T ratio significantly 
increased sensitivity from 50 percent for S-T depression 
alone to 81 percent, but also significantly reduced 
specificity from 89 percent for S-T depression to 38 
percent. 
The Q-X/Q-T ratio in upsloping S-T depression of- 
ered no improvement over S-T depression of 1.5 mm 
or more and could be measured and calculated in only 
55 patients (74 percent). The Q- Tc interval significantly 
improved sensitivity without significantly reducing 
specificity and predictive value and could be measured 
and calculated in 95 percent of cases. Difficulty was 
encountered especially in patients with rapid heart rates 
because the T wave and P wave merged to a degree 
where a clear separation point could not be determined. 
The measurement and calculation of the Q- Tc interval 
was time-consuming and difficult, but the use of this 
criterion in upsloping S-T depression was of predictive 
value. It was also apparent that the Q- Tc interval was 
superior to the Q-X/Q-T ratio, which had many false 
positive responses. 


Q-T CHANGES WITH STRESS TESTING—GREENBERG EJ AL. 


This is, to date, the only study to correlate Q-X/Q-T 
and Q-Tc changes after exercise with angiographic data. 


All previous studies?-?:!?-'7 utilized follow-up study data . 


or a history of angina or myocardial infarction as the 
criterion for disease, and this may explain the reported 
disparity concerning the value of the Q-X/Q-T and 
Q-Tc criteria. In addition, this is only the second study 
to evaluate Q-T changes with exercise using a treadmill; 
all other work utilized the Master two-step test. 
Clinical implications: It would appear that mea- 
surement of the Q-Tc interval in the evaluation of the 
exercise electrocardiogram may be useful, especially in 
subjects with J point or upsloping S- T patterns. Because 
the Q-T interval has been shown to correlate with the 
carotid ejection time,!? which is prolonged in exercise- 
induced ischemia, this criterion might serve as an in- 
dependent variable and consequently be useful when 
applying multivariate analysis to stress test results. 
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To evaluate possible differences in the cardiac effects of different types 
of running training, 22 competing male runners—10 sprinters and 12 
endurance runners—were studied with a physical examination, elec- 
trocardiography, chest X-ray film and echocardiography. Thirteen sed- 
entary men served as control subjects. There were no differences between 
the athletic groups in physical findings. However, left ventricular hyper- 
trophy in the electrocardiogram was more apparent in the endurance 
runners (P <0.05), whose relative heart size on chest X-ray examination 
was also greater than in the sprinters (P <0.02). On echocardiography 
the left ventricular end-diastolic volume was equally greater than normal 
in both groups of athletes (P <0.005), but in the endurance runners the 
percent change of the minor axis diameter in systole was greater than 
in the sprinters or control subjects (P <0.02). Values for left ventricdlar 
wall thickness and mass were greater than normal in both groups of 
athletes but were higher in the endurance runners than in the sprinters 
(P <0.001). The left atrial diameter was apparently greater in the en- 
durance runners than in the sprinters or control subjects (P <0.001), 
whereas that of the sprinters did not differ from normal. 

Thus, intensive sprinter training seems toc dilate the left ventricle but 
causes less increase in wall thickness and mass than training for endur- 
ance running and no change in left ventricular function or left atrial size. 
Endurance running causes left ventricular dilatation equal to that of sprinter 
training, greater wall hypertrophy and improved systolic emptying of the 
left ventricle, and it also dilates the left atrium perhaps because of de- 
creased left ventricular compliance. 


Regular intensive training of athletes causes adaptive cardiac changes 
such as bradycardia and hypertrophy and dilatation of the cardiac 
chambers. The clinical findings and electrocardiographic and roent- 
genographic changes in “the athletic heart” were reported in the 1950’s,!” 
but new improved techniques, especially echocardiography, have facil- 
itated more exact study of cardiac anatomy and function in athletes.?-? 
During the last 2 years,9-? cardiac changes in endurance runners have 
been studied and increases in the left ventricular end-diastolic volume 
and hypertrophy of the left ventricular wall obviously caused by repeated 
and prolonged volume work in isotonic exercise have been found. 
Differences in cardiac changes have been found among various types 
of athletes: Athletes doing predominantly isometric exercise (rowers, 


wrestlers, shot-putters) have considerable left ventricular wall hyper- . 


trophy, and athletes doing isotonic exercise (endurance runners, skiers) 
have left ventricular dilatation without marked wall hypertrophy.*? 
However, there have been some differences in the results of echocar- 
diographic studies concerning endurance runners, perhaps because of 
variations in the capability of the athletes and in training methods ir» 
addition to possible methodologic variations in the studies.55!9 In 
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this study we compared the echocardiographic findings 
of comparably trained competing sprinters and en- 
durance runners to elucidate possible differences in the 
cardiac effects of endurance training and speed 
training. 

Methods 


* Subjects: Twenty-two competing male athletes were 
studied: 12 endurance runners and 10 sprinters. Their ages 
and duration of effective training are presented in Table I. 

The 12 endurance runners included 10 marathon runners, 
l intermediate distance runner and 1 athlete who was both a 
skier and a cross-country runner. All 12 athletes were in good 
national standing as runners, and 3 were national champi- 
onship medalists. The training program involved typical en- 
durance training, including only one weekly interval training 
period. The men ran 90 to 210 kilometers (mean 150 km) 
weekly. The study was made in the spring at the end of the 
endurance training period. 

Among the 10 sprinters, there was one master of the hop, 
step and jump who was also a good sprinter (100 meters in 11 
seconds). All the sprinters were also in good national standing; 
four were medalists in national championship competition, 
and the hop, step and jump man had several times been the 
champion of Finland. The weekly training program consisted 
of 2 to 4 (mean 2.7) sessions of power training with light 
weights, 2 or 3 sessions of speed training with short (less than 
100 meters) running spurts and 1 to 4 (mean 2.5) interval 
training sessions with repeated rapid running of several 
hundred meters. 

Thirteen sedentary men without cardiac symptoms or any 
evidence of heart disease in the clinical investigation were 
studied as control subjects. 

Echocardiographic measurements: Echocardiograms 
were obtained with a Picker Echoview 80 C ultrasonoscope 
equipped with a 2.25 megahertz transducer focused at 7.5 cm 
and recorded on a Honeywell LS-6A ultraviolet strip chart 
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recorder using Agfa Gevaert oscilloscript D paper and a paper 
speed of 50 mm/sec. Echocardiograms from the aortic root to 
the left ventricle were accurately recorded by the same echo- 
cardiographer (M.J.I.) using the standard technique!! rou- 
tinely employed in this laboratory.!? 

The amplitude of the anterior mitral leaflet motion was 
measured as the vertical distance between the E and C points, 
and the diameter of the left ventricular outflow tract was 
measured as the distance between the posterior margin of the 
interventricular septum and the mitral valve at the C point. 
'The left ventricular end-diastolic diameter, the left ventricular 
posterior wall thickness and the interventricular septal 
thickness were measured at the point of the R wave in the 
electrocardiogram. The left ventricular volumes were calcu- 
lated using the prolate ellipse formula. The percent change 
of the minor axis diameter in systole was calculated as (LVDd 
— LVDs)/LVDd X 100 where LVDd and LVDs are left ven- 
tricular end-diastolic and end-systolic diameters, respectively. 
The mean velocity of the left ventricular circumferential 
muscle fiber shortening and the mean systolic velocity of the 
left ventricular posterior wall were calculated as previously 
described,!? using in the calculation the left ventricular ejec- 
tion time measured from the simultaneously recorded carotid 
pulse tracing. The left ventricular mass was determined by 
using the left ventricular end-diastolic diameter and the mean 
value of the left ventricular posterior wall and the interven- 
tricular septal thicknesses according to the formula previously 
established.!* All the echocardiographic measurements, ex- 
cept functional measurements, were also presented as indexes 
by dividing them by body surface area. 

Electrocardiographic measurements: Electrocardio- 
grams were obtained with an Elema-Schónander Mingograf 
34 ink jet on a three channel direct writing electrocardiograph 
using a paper speed of 50 mm/sec. The sum of the S wave in 
lead V; and the R wave in lead V5 was interpreted as left 
ventricular hypertrophy when the value was greater than 35 
mm, and the mean sum of this measurement was also calcu- 
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TABLE | 
Physical, Electrocardiographic and Roentgenographic Data (mean value + standard deviation and range) 
Athletes P Value 
Endurance P Value Sprinters Endurance 
Sprinters Runners Between Controls vs. Runners vs. 
(no. — 10) (no. — 12) Athletes (no. — 13) Controls Controls 
23.9 + 8.7 29.0 + 4.0 NS 24.4 t 7.3 NS NS 
Age (yr) (18-31) (23-36) (18-38) 
Training 8.7 + 3.1 9.4+ 4.7 NS 
years (4—15) (4.5-20) 
Body surface 1.94 + 0.10 1.75 + 0.08 0.001 1.82 + 0.09 0.01 NS 
area (m?) (1.79-2.09) (1.62-1.89) (1.61-1.97) 
Heart rate 59.2 + 5.7 54.5 = 15.7 NS 74.2 t 12.5 0.005 0.005 
(beats/min) (52-70) (40-100) (56-96) 
Systolic 191.0 3 13:7 133.3 + 16.0 NS 139.2 + 13.6 NS NS 
BP (mm Hg) (110-150) (115-160) (120-170) 
Diastolic 85.5 t 6.9 79.2 + 9.7 NS 83.8 + 10.7 NS NS 
BP (mm Hg) (80-100) (60-100) (60-100) 
$ Sum of S in V, 33.4 + 8.8 41.8 t 8.8 0.05 26.7 + 8.4 NS 0.001 
+ Rin Vs (24-46.5) (28.5-58.5) (12-37) 
Duration of P wave 0.08 + 0.02 0.10 + 0.01 0.01 0.08 + 0.01 NS 0.001 
on ECG (sec) (0.05-0.11) (0.09-0.12) (0.06-0.10) | 
M Relative heart size 481.0 + 39.0 558.9 + 89.0 0.02 404.0 + 39.1 0.001 0.001 
on X-ray study (ml/m?) (420-550) (390-7 10) (350-470) 
BP = blood pressure; ECG = electrocardiography; NS = not significant. 
" k we 
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lated for each group. Left ventricular hypertrophy was also 
established with the point score system of Romhilt and Estes!” 
(four or more points), also using only their amplitude criteria: 
largest R wave in the limb leads 20 mm or more or S wave in 
lead V; or V430 mm or more or R wave in lead V5 or V; 30 mm 
or more. Atrial hypertrophy was estimated with the standard 
criteria,'© and the mean duration of the P wave was estimated 
for each group. The relative cardiac volumes (volume per unit 
of body surface area) were measured from the chest X-ray 
films with the standard calculation.!" 

Statistical analyses: Student's ¢ test was used in analyzing 
the differences between various groups, and the two variable 
linear regression estimates were used in correlation studies. 


Results 


Physical findings (Table I): The endurance runners 
were older than the sprinters, but this difference was not 
significant. There were no differences in the number of 
— training years between the two groups of athletes. The 
-. sprinters were taller in proportion to the body surface 
= area than the endurance runners (P «0.001) or the 
. control subjects (P <0.01). The heart rate in the athletes 
was slower than normal (P «0.005), but the two groups 
of athletes did not differ in this respect. In one endur- 
ance runner the heart rate was exceptionally fast (100 
beats/min) because of obvious nervous tension. There 
were no differences in the systolic or diastolic blood 
pressures among the three groups. 

On physical examination, the apex beat was abnor- 
mal (area 3 cm or more in diameter or the duration of 
the apex impulse more than 1/2 of the systole or both) 
in nine endurance runners (75 percent) and in five 
sprinters (50 percent). The fourth heart sound was 
heard in five and the third heart sound in eight endur- 
ance runmers and, respectively, in six and five 
sprinters. 

Electrocardiographic and roentgenologic find- 
ings (Table I): Left ventricular hypertrophy as assessed 


from the sum of the S wave in lead V; and the R wave 
in lead V5 of the electrocardiogram was found in 10 
endurance runners (83 percent) and four sprinters (40 
percent), but also in two control subjects (15 percent) 
(36 and 37 mm, respectively). The mean algebraic sum 
of the S wave in lead V; and the R wave in lead V5 was 
greater in the endurance runners than in the sprinters 
(P «0.05) or in control subjects (P «0.001), but the 
value in sprinters did not differ from normal. With the 
amplitude criteria of Romhilt and Estes,!? left ven- 
tricular hypertrophy was found in 10 endurance runners 
(83 percent) and 6 sprinters (60 percent), but in no 
control subjects; with the point score system of Romhilt 
and Estes!? left ventricular hypertrophy was found in 
7 endurance runners (58 percent) and 3 sprinters (30 
percent) but in no control subjects. 

Left atrial and right atrial hypertrophy assessed 
with electrocardiographic criteria was found, respec- 
tivelv, in three and two endurance runners but in no 
sprinters or control subjects. In four cf these five en- 
durance runners the fourth heart sound was audible. 
The abnormal negative P terminal force in lead V; was 
not found in any of the athletes. The duration of the P 
wave was longer in the endurance runners than in the 
sprinters (P <0.01) or control subjects (P <0.001). 
Partial right bundle branch block was found in seven 
endurance runners and in four sprinters, but right 
ventricular hypertrophy was not found in the electro- 
cardiogram. In both groups, there was one athlete with 
first degree atrioventricular block. Abnormalities of the 
S-T segment or T wave, except for early repolarization, 
were not found. In two sprinters, atrial extrasystoles 
were noted in the electrocardiogram. 

Relative heart size measured from the chest X-ray 
film was larger in the athletes thar in the control 
subjects (P <0.001) and larger in endurance runners 
than in sprinters (P «0.02). In nine endurance runners 


Echocardiographic Data on Mitral Valve, Aortic Root and Left Atrium (mean value + standard deviation and range) 


TABLE Il 
Athletes 
Endurance 
Sprinters Runners 
(no. = 10) (no. — 12) 
Mitral valve E-F, 141.3 + 24.3 124.1 € 17.2 
slope (mm/sec) (105-173) (100-154) 
Amplitude of anterior 33.3 + 4.6 34.5.+:3.1 
mitral leaflet (mm) (28-42) (25-36) 
Amplitude of anterior 17.4 £:2:2 18.0 + 1.8 
mitral leaflet (mm/m?) (15 3-21.9) (15.1-20.6) 
Aortic root 31.2 3- 3:0 32.1 X: 2.7 
diameter (mm) (26-36) (29-38) 
- Aortic root TAEA 18.3 + 2.0 
diameter (mm/m?) (14.2-18.8) (16.1-23.5) 
Left atrial 33.3 d 3.7 38.7 t 2.7 
diameter (mm) (29-40) (33-43) 
Left atrial TAES 22.143 2.0 
diameter (mm/m?) (15.0-20.3) (18.3-24.9) 


P d T 
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P Value 
P Value Sprinters Endurance 
Between Controls vs. Runners vs. 
Athietes (no. = 13) Controls Controls 
NS 118.0 + 15.3 0.02 NS 
(94-137) 
NS 29.7 + 4.0 NS NS 
(23-38) 
NS 16.3 + 2.0 NS 0.05 
(12.2-19.5) 
NS 29.9 + 3.2 NS NS 
(26-36) 
001 16.4 + 1.6 NS 0.02 
(13.7-19.4) 
0.001 391.5 :E57 NS 0.001 
(22-42) 
0.001 17.2 E 2:5 NS 0.001 
(12.3-24.3) 





(75 percent) and in two sprinters (20 percent), the rel- 
ative heart size was greater than 500 cc/m*. 


Echocardiographic Data 


Mitral valve, aortic root and left atrium (Table 
IT): In the sprinters, the rate of the mitral valve E-F, 
elope was faster than in the control subjects (P «0.02). 
'The absolute amplitudes of the anterior mitral leaflet 
motion did not differ among the various groups, but in 
the endurance runners the mitral valve amplitude index 
was greater than in control subjects (P «0.05). The 
absolute diameter of the aortic root did not differ among 
the various groups, but the aortic root diameter index 
was higher in the endurance runners than in the 
sprinters (P «0.001) or control subjects (P «0.02). 

The left atrial diameter and index were greater in the 
endurance runners than in the sprinters or control 
subjects (P «0.001). The left atrial size of the sprinters 
did not differ from that of control subjects. The left 
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atrial diameter correlated positively and significantly 
with the left ventricular wall thickness (in athletes r = 
0.629, P «0.005; in all subjects r = 0.578, P «0.001) (Fig. 
1) and with the left ventricular mass (in athletes r — 
0.516, P «0.02; in all subjects r = 0.611, P <0.001) but 
not with the left ventricular end-diastolic diameter or 
volume (in athletes r = 0.139; in all subjects r = 0.179). 
The left atrial diameter correlated also with the ratio 
between the left ventricular wall thickness and the 
end-diastolic diameter (in athletes r = 0.587, P «0.005; 
in all subjects r = 0.477, P «0.005) as well as with the 
ratio between the left ventricular mass and end-diastolic 
volume (in athletes r = 0.578, P «0.005; in all subjects 
r = 0.530, P «0.005). 

Left ventricular dimensions (Table III): The left 
ventricular end-diastolic diameter and respective vol- 
ume as well as the corresponding indexes were signifi- 
cantly greater in both groups of athletes than in the 
control subjects, but there were no significant differ- 
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TABLE lli 
Echocardiographic Data on Left Ventricle (mean value + standard deviation and range) 
Athletes P Value 
n Endurance P value Sprinters Endurance 
Sprinters Runners Between Controls vs. Runners 
(no. — 10) (no. — 12) Athletes (no. = 13) Controls vs. Controls 
LV end-diastolic 55.9 + 4.8 53.4 + 3.8 NS 48.8 + 3.2 0.001 0.005 
diameter (mm) (47-64) (45-59) (43-53) 
LV end-diastolic 95.9 + 23.4 022 =' 17.8 NS 67.5 + 12.8 0.005 0.001 
volume (ml/m?) (59.4—142.2) (54.6- 122.9) (45.7-83.8) 
LV end-systolic 37,7 Xt 3.6 33.6 + 3.6 0.02 33.1 4: 3.4 0.005 NS 
diameter (mm) (33-44) (28-40) (29-39) 
LV end-systolic 29.7 £ 8.9 29/9 + 7.5 NS 21.4 + 6.6 0.02 NS 
volume (ml/m?) (20.6-46.2) (13.2-32.8) (13.7-31.9) 
% shortening of LV 32.5 4.1 37.3 + 4.6 0.02 32.2 + 5.0 NS 0.02 
minor axis diameter (27—40) (30-44) (26-39) 
LV outflow tract 37.6 + 4.5 39.0 + 3.5 NS 35.2 + 3.5 NS 0.02 
diameter (mm) (32—45) (34-45) (27-39) 
LV outflow tract 19.4 t 2.3 22:3 © 2.2 0.01 19.4 + 2.1 NS 0.005 
diameter (mm/m?) (16.0-23.4) (18.7-24.7) (14.8-22.3) 
mVCF (circ/sec) 1.09 + 0.14 1.21 + 0.20 NS 1.18 + 0.24 NS NS 
(0.89-1.31) (0.95-1.62) (0.83-1.49) 
PWV, mm/sec 43.5 + 6.4 48.8 + 8.3 NS 45.5 + 6.2 NS NS 
(31-52) (38-67) (38-58) 
LV posterior 10.T € 12 11.9 € 0.9 0.001 5.5 3c 1.2 0.005 0.001 
wall thickness (mm) (8-12) (10-13) (7-11) 
LV posterior 9.2 = 0:6 6.8 + 0.5 0.001 4.7 t 0.6 NS 0.001 
wall thickness (mm/m?) (4.3-6.2) (5.8-7.4) (4.0-6.3) 
IV septal 10:0: 1.3 ita hs 0.005 86 + 1:5 0.05 0.001 
thickness (mm) (8-12) (10-14) (7-11) 
IV septal 5.2 + 0.7 6.9+0.8 0.001 4.7 t 0.8 NS 0.001 
thickness (mm/m?) (4.2-6.2) (5.6-8.2) (3.7-5.9) 
LV mass (g) 218.6 + 44.1 264.3 + 44.0 0.005 146.7 + 21.0 0.001 0.001 
(146-278) (198-346) (107-178) 
LV mass (g/m?) 112,5 :£-21.8 150.7 = 23.5 0.001 80.3 + 10.0 0.001 0.001 
(79.8-144.0) (110.0- 197.7) (60.5-92.6) 


IV = interventricular; LV = left ventricular; mVCF = mean circumferential muscle fiber shortening of the left ventricle; NS = not significiant; 
*PWV — mean systolic velocity of the left ventricular posterior wall. 
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FIGURE 1. Regression analysis for left atrial diameter (LAD) and left 
. ventricular posterior wall thickness (LVWT) in all 35 subjects. 


ences between the two groups of athletes. The left 
ventricular end-systolic diameter and respective volume 
were greater in the sprinters than in the endurance 
runners (P <0.02) or control subjects (P «0.01). The 
end-systolic volume index was higher than normal in the 
sprinters (P «0.02), but there were no differences in the 
left ventricular end-systolic diameter and volume in- 
dexes between the two groups of athletes. The percent 
change of the minor axis diameter in systole was greater 
in the endurance runners than in the sprinters or control 
subjects (P «0.02). The mean velocity of circumferential 
muscle fiber shortening and the mean systolic velocity 
of the left ventricular posterior wall did not differ sig- 
nificantly among these three groups. In the endurance 
runners, the absolute transverse diameter of the left 
ventricular outflow tract was greater than in control 
subjects (P <0.02), and the relative diameter was 
greater than in the control subjects (P «0.005) or 
sprinters (P «0.01). 

The absolute left ventricular posterior wall thickness 
was greater in the endurance runners (P «0.001) and 
the sprinters (P «0.005) than in the control subjects; the 
relative wall thickness was greater than control values 
in the endurance runners (P <0.001), but not in the 
sprinters. The absolute and relative left ventricular 
posterior wall thicknesses were greater in the endurance 
runners than in the sprinters (P «0.001). In all subjects 
the septal/posterior wall thickness ratio was normal (less 
than 1.3). The absolute and relative left ventricular 
masses were greater in both groups of athletes (P 
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<0.001) than in the control subjects. The absolute (P 
<0.005) and relative (P <0.001) left ventricular masses 
were greater in the endurance runners than in the 
sprinters. 


Discussion 


Sprinters are generally tall and powerfully builis 
whereas endurance runners are shorter and more lightly 
built. Thus, we could not find for our study a group of 
sprinters matched for body stature with a group of en- 
durance runners. However, because all the competing 
runners are of slender stature, the body surface area 
seems an adequate measurement index. Intensive en- 
durance training is generally begun at a somewhat older 
age than speed training, and in our study the endurance 
runners were consequently somewhat older than the 
sprinters, but the difference was not significant. The two 
groups of athletes did not differ in regard to years of 
training, heart rate or blood pressure. Although it is not 
possible to compare the intensity of the training pro- 
grams, all the athletes had a similarly high national 
standing. Thus, it seems possible to compare these two 
groups of athletes by using the body surface area as an 
index of measurement because differences in results are 
obviously caused by different types of running and 
trainmg programs. 

Differences in physical and electrocardiographic 
findings: The cardiac changes on physical examination 
did not differ significantly between the two groups of 
athletes. The third and fourth heart sounds as well as 
an abnormal apex beat appeared rather often, as re- 
ported previously. In endurance runners the fourth 
heart sound was found in those athletes with electro- 
cardiograms suggestive of atrial hypertrophy. Left 
ventricular hypertrophy based on electrocardiographic 
criteria was more frequent in the endurance runners 
than in the sprinters. The difference in the mean sum 
of the S wave in lead V, and the R wave in lead V5 be- 
tween the endurance runners and the sprinters or cor.- 
trol subjects might be accentuated and the difference 
between the sprinters ard control subjects lessened by 
the differences in the bodily structure. Left ventricular 
hypertrophy without ischemic ST-T signs in the elec- 
trocardiogram was found in endurance runners by 
several investigators.®:“*:!9 Also, the relative heart size 
measured from the chest X-ray film was significantly 
larger in the endurance runners than in the sprinters 
and would have been considered abnormal in untrained 
persons. Although partial right bundle branch block 
might be caused by the right ventricular hypertrophy 
or dilatation, or both, found in endurance runners,9? we 
did not find any subject with electrocardiographic 
findings of right ventricular hypertrophy. 

Differences in left ventricular dimensions and 
performance on echoeardiography: As previously 
reported, the left ventricular end-diastolic diameter and 
respective volume were greater than normal in the en- 
durance runners9-? but also in the sprinters, and there 
were no differences between these athletes in this re- 
spect. The percent systclic shortening of the left ven-° 











tricular minor axis diameter was greater in the endur- 
ance runners than in the sprinters or control subjects. 

The other indexes of left ventricular performance 
were normal and did not differ between the two groups 
of athletes. The method of training probably has some 
effect on left ventricular function. In previous reports 
«on endurance runners, the ejection fraction was found 
to be normal- or increased? and the stroke volume 
was also found to be normal! or increased.!*!? Hence, 
variation in training programs, in addition to differences 
in the types of runners and duration of the training, 
might explain these discrepancies. The more complete 
left ventricular ejection and thus greater left ventricular 
stroke volume as well as the greater relative heart size 
may explain the larger relative diameter of the aortic 
root and the larger transverse diameter of the left ven- 
tricular outflow tract in the endurance runners com- 
pared with the sprinters. 

Differences in left ventricular hypertrophy: The 
left ventricular wall thickness and mass were greater 
than normal in both groups of athletes and were greater 
in the endurance runners than in the sprinters. Al- 
though poorer endocardial echoes from the well trabe- 
culated hypertrophic left ventricular wall may cause 
some error in measurement of left ventricular wall 
thickness, this error is probably diminutive when the 
wall hypertrophy is less marked. The error caused by 
different echocardiographic methods was minimized by 
using the same echocardiographer and a strictly stan- 
dardized technique. The left ventricular mass and wall 
thickness have been found to be greater in athletes 
doing isometric exercises than in endurance runners.!° 
The increased aortic pressure during isometric exercise 
has been suggested as the cause of left ventricular hy- 
pertrophy. Possibly, regular long-distance running also 
markedly increases systolic blood pressure in addition 
to volume overload, leading to both left ventricular 
hypertrophy and dilatation whereas short-distance 
training causes extreme but transient tachycardia and 
volume overload and perhaps increased venous return 
during the recovery phase, leading to left ventricular 
dilatation with minor wall thickening. Indeed, Stein et 
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al.?? found transient increases in echocardiographic left 
ventricular end-diastolic and stroke dimensions after 
supine isotonic exercise of short duration possibly be- 
cause of increased venous return. Roeske et al. found 
increases in left ventricular posterior wall thickness in 
addition to ventricular dilatation in male basketball 
players. The increasing effect of endurance running on 
left ventricular wall thickness has also been found in 
animal studies.?! The increased contractile capability 
of the ventricular muscle due to muscle hypertrophy 
may explain the better left ventricular ejection in the 
endurance runners. 

Differences in left atrial size: One of the most ap- 
parent differences between the two groups of athletes 
was in left atrial diameter, which was markedly greater 
in the endurance runners than in the sprinters or control 
subjects. In the sprinters the left atrial diameter was 
quite normal. Also the duration of the P wave in elec- 
trocardiogram was longer in the endurance runners than 
in the sprinters or control subjects, and the sprinters did 


not differ from normal in this respect. In previous re- - 


ports left atrial enlargement in the endurance runners 


was also found,” and increased blood flow caused by — 


training and the response to the increased left ventric- 
ular mass were proposed as the cause.5 In our study left 
atrial diameter seemed to have a positive correlation 
with left ventricular wall thickness or mass, and thus the 
main cause of left atrial dilatation is probably the de- 
creased left ventricular compliance caused by wall hy- 
pertrophy and not the volume overload. The latter has 
a preferential dilating effect on the left ventricle, and 
the left ventricular dilatation did not correlate with the 
left atrial dilatation. 

Implications: Intensive sprinter training seems to 
dilate the left ventricle and cause less increase in the left 
ventricular wall thickness or mass and no change in left 
ventricular function or left atrial size. On the other 
hand, endurance training causes left ventricular dila- 
tation, improved left ventricular systolic emptying, left 
ventricular hypertrophy and also left atrial dilatation, 
perhaps because of decreased left ventricular compli- 
ance. 
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: Puritan Oil 
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polyunsaturates 
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A practical adjunct in 
serum cholesterol contr 


Puritan is the first major cooking oil made princip: 
from highly polyunsaturated sunflower oil. The sur 
flower oil gives Puritan an edge in polyunsaturate le 
over leading corn and soybean-based oils. 


Z SK A comparison of polyunsaturate levels of major brand 
" Puritan 
Leading corn oil brand 


P  » .Soybean-based oil brands 
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Light flavor... 
encourages compliance at the table 


The sunflower oil also makes Puritan light tasting. In 
taste tests conducted with Puritanandcorn oil, Puritar 
Oil was selected as lighter tasting by homemakers. It 
contributes to an appealing diet for patients and 
family and thus helps enhance sustained compliance 
with your cholesterol management program. 
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\ Clinically tested...and proven 
\ withina"real life" regimen 


The nutrition depart- TR 
ment of a major uni- 
versity has published 
nn " the results of a study! 
that evaluated a dietary 
serum-cholesterol- 
reducing program 
which included Puritan 
Oil. The study was con- 
ducted in a family 
situation—entire families used Puritan as part 
ofatotalserum-cholesterol-reducing diet. The da: 
showed significant decreases in serum cholestero 
levelsamong all participating groups. Theselower 
levels were reached within 10 days, and were maii 
tained throughout the diet modification period. 


Reference: 1. Witchi, J.C. et al., J. Am. Dietetic Assoc. 72: 384, 1978. 
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We've put 
pressure on 


-and more, to give you the latest in state-of-the-heart monitoring. 


A new Holter Monitor—the Model 447 Electro- 
cardiocorder®, records not only two leads of ECG 
data, but also up to 200 blood pressure readings 
from our Pressurometer" II, and encodes on tape, 
in digital format, the exact time of day throughout 
the 24-hour monitoring period. 


Our other new Electrocardiocorder—the multi- 
channel Model 448, is dedicated to recording and 
time-correlating implanted pacemaker pulses to the 
patient's ambulatory electrocardiogram. The 448 is 
the first Holter Monitor developed solely for the 
assessment of pacemaker function. 


Itsonly natural Del Mar Avionics is first to offer 
you these diagnostic tools. We were first to develop 
practical ambulatory ECG recorders, first to utilize 
2-channel recording, and first to offer 24 hours of 
continuous ECG information. After all, 

Holter Monitoring"? is our trademark. 


But, this is only half the story. 


ATLANTA (404) 952-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 886-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713) 692-3122 
IRVINE (Home Office) (714) 549-1500 
KANSAS CITY (816) 373-1117 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981 -0405 
MINNEAPOLIS (612) 854-8726 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 
ROCHESTER (716) 328-2660 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
SEATTLE (206) 246-4430 

ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
EUROPE 720-7405 Telex 61791 
AVONIX B (Brussels, Belgium) 





For more information, or a demonstration, just fill in the coupon below. 


The other half is our new Model 660B Electro- 
cardioscanner*. Thread the tape, press a button and 
the 660B scans 24 hours of ECG and blood pressure 
information in 12 minutes, decoding the exact time 
of day directly from the tape. VE and SVE beats, 
heart rates, ST segment levels, and systolic/diastolic 
blood pressures are automatically categorized, 
quantified, and documented on a compre- 

hensive trend chart. 


With the trend chart completed, the 660B auto- 
matically rewinds and searches out abnormalities at 
120-times real-time. U pon recognition, it precisely 
charts the abnormality, in real-time, with the 

exact time of occurrence. 


You might think such advancements in “state-of- 
the-heart monitoring” would obsolete your current 
equipment. Not so! The 660B scans and analyzes 
recordings made on any Del Mar Avionics Electro- 
cardiocorder. And, your Model 660 or 660A 

can easily be updated to a 660B. 

With all these innovations, putting the pressure 

on 1s our way of being first. At Del Mar Avionics, 
being the first 

has kept us first. 
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O 447 O 448 O P-I O 660B 
Name 
» Address 
City State Zip 





DEL MAR AVIONICS 
1601 Alton Avenue at Redhill, Irvine, CA 92714, (714) 549-1500 
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Effective control in (mild to moderate) hypertension 
usually with just 2 or 3 tablets daily. 

Low incidence of depression, and orthostatic 
hypotension. * 

The most common side effects are dry mouth, 
drowsiness, and sedation, which generally tend to dim- 
inish with time. As with other antihypertensives contain- 
ing diuretic agents, hypokalemia, hyperuricemia, and 
hyperglycemia may occur. Drowsiness and sedation 
may be alleviated by giving the larger portion of the 
divided dose at bedtime.?:? 

Convenient morning and bedtime dosage 
scheduling. 


Each tablet contains. Catapres* (clonidine HCI) 
0.1 or 0.2 mg. and chlorthalidone. 15 mg a and 2 


HYPERTENSION 


Combipres is not indicated for initial therapy. It is for patients ;e- 
sponsive to its components given separately in equivalent dosages. 
Please see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions, and adverse reactions. 
*Orthostatic hypotension has been reported with chlorthalidone and 


may be potentiated when chlorthalidone is combined with alcohol, 
barbiturates, or narcotics. 
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Combipres . 2 


Each tablet contains Catapres* (clonidine HC I) 
01 or 0.2 mg, and chlorthalidone. 15 mg 


Warning: This fixed combination drug is not 
indicated for initial tnerapy of hypertension. 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning) 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidene and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy. 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data. the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children 
Precautions: When discontinuing Combipres, re- 
duce tne dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochlonde 
therapy A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
tivities. such as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihyperensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure. 

As an integral part of their overall long-term care. 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catap'es. in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer 

Patients predisposed toward or affected by dia- 
bgfes should be tested penodically while receiving 


Medicine 
for a 


future 


Combipres, because of the hyperglycemic effect 
of chlorthalidone. 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician s opinion, a rising BUN 
is significant, the drug should be stopped 

The chlorthalidone component of Combipres may 
lead to sodium and or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochtoremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time. reduction in 
amplitude of the T wave: ST segment depression, 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiency, the diet. in addition 
to meat and vegetables. should include 
potassium-rich foods such as Citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy. oral potassium supplements 
in the form of potassium chloride (3 to 4.5 qm 
day). fruit juice and bananas should be given. 


Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation, Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend tosdi- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving cloniaine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness. dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
oe potentiated when chlorthalidone is combined 





with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instar ces. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposec shouid be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where proionged 
and significant elevation of blood uric acid con- 
centration is corsidered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis. and necrotizing angiitis have occurred, 
but are rare. 


The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Cataores (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 

age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage. 
Chiorthalidoneé- Symptoms of overdosage include 
nausea, weakness, cizziness, and disturbances of 
electrolyte balance. There is no specific antidote. 
but gastric lavage is iecommended, followed by 
supportive treatment. Where necessary. this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pink, oval. 
single-scored compressed tablets in bottles of 

100 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg - chlorthalidone 15 mg). It 
is available as blue, oval. single-scored com- 
pressed tablets in bottles of 100. 

For complete details, please see full prescribing 
information 


References: 

1. Data on file at Boehringer Ingelheim Ltd. 

2. Pettinger WA: NEJM, 293:1179, 1975. * 
3. Katz FH: Hosp Med, 13:34, 1977. 
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You can get instruments with 
good high-frequency response. 
Or others that can pick up low 
amplitudes. But would you really 
trust a diagnosis if you couldn't 
trust your ECG to do it all? 


With the Cambridge Model 3038/2 
3-channel ECG, you get all the 
recording fidelity you need... 
because you get signals from all 
parts of the complex. Distortion- 
free. Sharply defined. Every time. 


Recorder frequency response of 
more than 200 Hz allows the 
3038/2 to respond to high-fre- 
quency, low-amplitude signals so 


Why buy an ECG 
if you cant see high-frequency and 
low-amplitude signals like these? 


small, other. ECG’s may miss 
them. A combination of low-fric- 
tion heated stylus and powerful 
servo-motor producestracingsso 
precise, nonotchesareslurred... 
no vital data lost — even when 
changes in signal level are less 
than 10 microvolts (0.1 mm at 
standard sensitivity). 


Of course, you may want more 
than a superior tracing. That’s 
why we've designed-in a semi- 
automatic mode to give you extra 
control and flexibility when pa- 
tients are uncooperative or ner- 
vous. That’s why you're able to 
add avariety oflead programming 
options to meet your exact re- 
cording format requirements. And 
that's why it's so expandable, you 
can add heart-sound/pulse-wave 


recording, a computer phone 
terminal, a hum filter unit... or 
even buy a special "S" version for 
double-duty use as a mobile, 
stand-alone ECG or the heart of a 
modular stress test system. 


Get it all, with the Cambridge 
Model 3038/2. For details, write 
or call: Cambridge Instrument 
Company, 73 Spring St., Ossining, 
N.Y. 10562 (914) 941-8100. 


first in electrocardiography 





ING SIMPLICITY, 
BD SUPERIORITY 


SIGNIFICANT 
DVANCEMENT IN 
ACING SYSTEM 
ECHNOLOGY 


PI.’s new Porous Tip Lead 
courages living tissue to 

ow within the electrode, 
eating a bond between the 

part and the MICROLITH,-P 
ogrammable pacing system. 
e remarkable characteristics 
this bond allow you to 

ke full advantage of the 
ICROLITH-P’s programmable 
atures. 


PROVED ELECTRODE 
TABILITY 


e Porous Tip Lead’s direct 
ond with heart tissue resists 
slodgement significantly 
atter than conventional leads. 


IMPROVED SENSING 
CAPABILITY 


With greatly reduced fibrotic 
build-up at the electrode site, 
the new Porous Tip Lead 
improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize Ry of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


Cardiac Pacemakers, Inc. 


MICROLITH-P 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 


Cardiac Pacemakers. Inc 
4100 North Hamlıne Avenue 
PQ Box 43079 


St Paul Minnesota 55164 USA 





The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 
tissue. The 254m diameter of the 
electrode’s interior mesh fibers is 
comparable to that of an individual 
heart cell. This diminishes foreign 
body reaction resulting in a smaller 
fibrotic capsule for increased 
sensing capabilities. 


The porous configuration of the 
electrode tip and flexible lead body are 
more compatible with heart movement 
than standard leads. Placement is 
easier, with less trauma at the electrode 
site. 


The porous electrode tip combines t 
advantages of a small pacing area 
(7.5mm?) for lower current drain, and 
large area (50mm‘’) for improved 
sensing. 


The lower pacing current drain 
achievable with the Porous Tip Lead 
optimizes the longevity of the 

Q : 


^ 


sisalaleé- D altel. = QC 





For The Finest Quality 
Heat Sensitive 
Recording Chart Papers... 


THINK TH EF 
NASHUA 5 
ALTERNATIVE 


The Recognized Leader The New Alternative 
NASHUA HEATRACE*? NASHUA THERMAPRINT ™ 
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NASHUA HEATRACE® NASHUA THERMAPRINT "M. 
Nashua's exclusive process puts a bubble-type coating on its Nashua's new chemical thermal paper is more sensitive... more 
paper instead of a solid layer of plastic, (the conventional responsive than other chemical thermal papers. NASHUA 
blush-type coating). The result is a lighter weight coating that: THERMAPRINT ™ paper produces a black (not blue) trace of 


e Requires minimum heat. exceptionally sharp definition with superior archival qualities. 


* Minimum torque to drive stylus. . e THERMAPRINT"™ paper is whiter — enhances the black 
image for more precise trace analysis. 

e Versatile — Analog trace and digital information can be 
imaged on the same recording. 

e Least abrasive — reduces stylus and print head wear and, 
allows greater recorder frequency response. 

e THERMAPRINT ''" paper black trace reproduces more 
accurately on photocopy machines than conventional blue 


NASHUA ate eta 


NASHUA THERMAPRINT * paper is now available to OEM's 


e Eliminates stylus build-up. 
e Reduces stylus wear. 





COR RA TION in.a wide variety of temperature ranges and styles. Nashua's 
technology offers the finest quality at a lower cost. Write 
GUBELMAN CHART DIVISION or call for more information today. 


44 Franklin Street, Nashua, New Hampshire 03061 / (603) 880-2323 
100 East Kinney Street, Newark, New Jersey 07105 / (201) 589-5970 
3037 East Maria Street, Compton, California 90220 / (213) 537-4250 
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An 
antihypertensive 
thats easy to 

live with 


...for them, and for you. 


Lopressor 


metoprolol tartrate 


Does not interfere with sex life of 
patients. 


Lopressor usually does not cause 
impotence or loss of libido, 
complaints which many male patients 
encounter with sympathetic inhibitors, 
but which they may be reluctant to 
discuss with their physicians. 


Rarely causes daytime sedation or 
postural hypotension. 


Most of the side effects that have 
occurred with Lopressor are mild 

and transient. For example, tiredness 
and dizziness occur in about 10% of 
patients; depression, diarrhea in about 
5%. Lopressor is contraindicated in 
sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, 
and overt heart failure. 


Easy to take twice-a-day dosage. 


Patients will also appreciate the 
easy-to-remember b.i.d. dosage of 
Lopressor. Since b.i.d. dosage is 
known to encourage patient 
adherence, this is another way that 
Lopressor improves your chances for 
long-term therapeutic success. 


Significantly reduces blood 
pressure when added to a diuretic. 


Lopressor caused a significant fall in 
blood pressure when given to 
patients already receiving a diuretic. 
Investigators reporting in the British 
Journal of Pharmacology concluded 
that "Metoprolol in combination with 
chlorthalidone appears to be an 
effective and well-tolerated treatment 
for mild and moderate hypertension 
in those patients not responding to 
chlorthalidone alone.” * 


Treatment Period 


Placebo + 
chlorthalidone 


Metoprolol + 
chlorthalidone 


one month 
Systolic BP (mmHg) 
158-4 supine 1424 
160-5 standing 1473 
Diastolic BP (mmHg) 
96+2 supine 87+1 
102+2 standing 94-1 
two months 
Systolic BP (mmHg) 
159-4 supine 146-4 
159-4 standing 147-4 
Diastolic BP (mmHg) 
96+2 supine 89+1 
101+2 standing 951 
three months 
Systolic BP (mmHg) 
158+5 supine 14843 
159+4 standing 149+3 
Diastolic BP (mmHg) 
972 supine 87+1 
1012 standing 933-1 


Works primarily where it should... 
not where it shouidn't. 


Lopressor is the only relatively 
selective beta blocker available in 
the United States. Unlike the first 
generation beta blocker, propranolol, 
which is nonselective, Lopressor 

has a preferential effect on beta 
receptors involved in lowering blood 
pressure. It has less effect on beta 
receptors that do not relate to 
antihypertensive mechanisms. 


Please see last page of this 
advertisement for brief summary 
of prescribing information. 


* Jaáttelà A, Pyörälä K: A controlled study on 
the antihypertensive eflect of a new f - 
adrenergic receptor blocking drug, meto- 
prolol, in combination with chlorthalidone. 
Br J Pharmacol 3:655-660, 1976. 
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The relatively 
selective 

beta blocker 

for hypertension. 


Lopressor 
metoprolol tartrate 





Lopressor™ 
brand of 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Indications Lopressor, brand of metoprolol tartrate, 
is indicated in the management of hypertension. It 
may be used alone or in combination with other 
antihypertensive agents, especially thiazide-type 
diuretics 


Contraindications Lopressor, brand of metoprolol 
tartrate, is contraindicated in sinus bradycardia, 
heart block greater than first degree, cardiogenic 
shock, and overt cardiac failure (see Warnings) 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of turther depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor, brand of metoprolol tartrate, 
should be administered cautiously. Both digitalis 
and metoprolo! slow AV conduction 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-bloeking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a 
diuretic, and the response observed closely. If car- 
diac failure continues, despite adequate digitaliza- 
tion and diuretic, Lopressor, brand of metoprolol 
tartrate, therapy should be withdrawn 


ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents. 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor, brand of meto- 
prolol tartrate, should not be withdrawn abruptly, 
and patiemts should be cautioned against interrup- 
tion of therapy without the physician's advice 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor, brand of metoprolol tartrate, 
may be used with caution in patients with bron- 
chospastic disease who do not respond to, or 
cannot tolerate, other antihypertensive treat- 
ment. Since beta, selectivity is not absolute, a 
beta, -stimulating agent should be administered 
concomitantly and the lowest possible dose of 
metoprolol should be used. It may be prudent 
initially to administer metoprolol in three doses 
daily, instead of two, to avoid the higher plasma 
levels associated with the longer dosing inter- 
val. (See Dosage and Administration.) 


Major Surgery: The necessity or desirability of 
withdrawal of beta-blockimg therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia anc surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine er isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat nas also been reported 
with beta blockers. 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor, brand of metoprolol tartrate, 
should therefore be used with caution in diabetic 
patients, especially those with labile diabetes 


Thyrotoxicosis: Beta-adremergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions Impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function 


Drug Interactions: Catechclamine-depleting 
drugs (e.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor, brand of metoprolo! tartrate, 
plus a catecholamine depletor should therefore be 
closely observed for evidence of hypotension 
and/or marked bradycardia which may produce 
vertigo, syncope, or postural hypotension. 


Long-Term Animal Studies: Long-term stucies in 
animals have been conducted to evaluate taxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below aral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in billaryhyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest Gose 
than in untreated control animals. Tnere was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased pestimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
Is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor, brand of metoprolol tartrate, should be 
used in pregnant women only when clearly needed 


Nursing Mothers: It is not known whether this drug 
IS excreted in human milk. Since most drugs are 
excreted in human milk, nursing.should not be 
undertaken by mothers receiving metoprolol 


Usage in Children: Safety and effectiveness in 
children have not been established 


Adverse Reactions Most adverse ef'ects have 
been mild and transient 


». 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities, Raynaud's disease, 
palpitations and congestive heart failure have been 
reported. See Contraindications, Warnings, and 
Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See , 
Warnings. e 


Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less 


Allergic: Pruritus has occurred in less than 1 of 100 
patents 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syncrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor, brand of metoprolol tartrate, 
during investigational use and foreign marketing 
experience 

Potential Adverse Effects: In addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Ceniral Nervous System: Reversible mental de- 
pression progressing to Catatonia; visual distur- 
Dances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss; emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic. Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 


Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm anc respira- 
tory distress 


Miscellaneous: Reversible alopecia 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
pnatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopressor, 
orand of metoprolol tartrate, should be indi- 
vidualized. The usual initial dose is 50 mg twice 
daily whether used alone or added to a diuretic. 
The dosage may be increased at weekly (or longer) 
intervals until optimum blood pressure reduction is 
achieved. In general, the maximum effect of any 
given dosage level will be apparent after one week 
of therapy. Usual maintenance dosage is approx- 
imately 100 mg twice a day, with a range of 100 to 
450 mg per day. Dosages above 450 mg per day 
have not been studied. While twice-daily dosing is 
effective and can maintain a reduction in blood 
pressure throughout the day, some patients, espe- 
Cially when lower dosages are used, will experi- 
ence a modest rise in blood pressure toward the 
end of the 12-nour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of tne dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor, brand of metoprolol tartrate, is 
increased 


This drug should be stored at controlled room tem- 
perature and protected from moisture. 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(Capsule-shaped, scored. light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 

Store at controlled room temperature and protect . 
from moisture 
PRINTED IN U. S.A 


667290 (8/78) C78-38 
Before prescribing or administering, please 
consult complete product information. 


Manufactured by Distributed by: 
CIBA-GEIGY Canada Ltd GEIGY Pharmaceuticals 
Dorval, PQ. Canada H9S1B1 Division of CIBA-GEgGY 
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Ardsley, New York 10502 


326-9020! 


"x 


Submitral Calcification or Sclerosis in Elderly Patients: 
M Mode and Two Dimensional Echocardiography in 
‘Mitral Anulus Calcification’’ 


IVAN D'CRUZ, MD, FRCPE, FACC Submitral calcification or sclerosis was visualized with M mode echo- 
FRANK PANETTA, MD cardiography in 84 elderly patients, 35 of whom were also studied with 
HOWARD COHEN, MD, FACC two dimensional echocardiography. Posterior submitral calcification, 
GERALD GLICK, MD, FACC commonly referred to as “mitral anulus calcification,” was present in 82 
Y Chicago, Illinois patients and was located in the angle between the posterior mitral leaflet 


and left ventricular posterior wall, rather than in the mitral anulus proper. 
M mode scans from the left ventricle to the left atrium showed that pos- 
terior submitral calcification ended abruptly in 66 cases, and in these it 
became contiguous with the posterior atrioventricular junction (true mitral 
anulus) in only 14 instances. In 16 patients the posterior submitral calci- 
fication sloped anteriorly to merge with the posterior aortic root. Anterior - 
submitral calcification was visualized in 12 patients, 10 of whom also had 
posterior submitral calcification. Anterior submitral calcification was 
usually located immediately anterior to the base of the anterior mitral cusp. 
In two cases, it appeared to arise in the region between the aortic and 
mitral rings; in one instance, it was located in the mid left ventricle, in the 
mitral chordal region. We suggest that the terms anterior and posterior 
submitral calcification are more appropriate than “mitral anulus calcifi- 
cation" because in most cases such calcific deposits do not appear to 
be located in or to arise from the true mitral anulus. 


Several excellent postmortem descriptions of calcification in the region ^ 
of the mitral anulus in elderly persons have appeared during the last few 
decades.!-? Although some authors recognized the association of this 
lesion with systolic murmurs, mitral regurgitation, cardiac conduction 
defects and cardiac failure, most internists and cardiologists virtually 
ignored the entity except to mention it as an occasional cause of intra- 
cardiac calcification revealed in chest roentgenograms. 

It has become increasingly evident over the last 4 years that cardiac 
ultrasound effectively detects “mitral anulus calcification. 9-17 It is more 
sensitive than radiologic examination!^!5.!7 and also more specific be- 
cause it can differentiate such calcification from that of the mitral 





From the Cardiovascular Institute, Department leaflets. The result has been a surge of interest in “mitral anulus calci- 
gr emo, Michael Resse Hospital ard Medica) fication," its relation to mitral valve dysfunction and other cardiac 
Center, and the University of Chicago Pritzker Testati d fit id melded 
* School àf Medicine, Chicago, Illinois. Manuscript manifestations and an awareness of its wide prevalence in elderly per- 
received December 17, 1978; revised manuscript sons, especially those presenting with loud systolic murmurs, congestive 
received February 13, 1979, accepted February heart failure or bundle branch block. j 
dd ctm Per Tk ae TE Previous authors have generally implied that the site of origin of the 
S TUETRDEOPSDC OE Jette del calcification is the fibrous ring to which the mitral valve is attached. 
«vascular Institute, Michael Reese Hospital and E à h of th ito d a h h h 
Medical Center, 29th Street and Ellis Avenue, xcessive growth ot the calcific deposits was thought to cause them to 


Chicago, Illinois 60616. extend or protrude in various directions from the mitral anulus proper. 





Ec CAMBIO PRIY IN SUBMITRAL CALCIFICATION—D'CRUZ ET AL. 


—Á Ea Ce eS A e 


Ce Re 
PAT c Wis T " 4 rs 


wu 
En 


AW 


$, 


riny 








i ; 


‘ 
UN 
ws 
p S 
- fra 
. , 


DS 


eh Y -~ A i 7 -E 7”, ( d 1° "s 
a 7 © > ais / a r at 7 = Do 
Vous ph cg Cet a Ae we TUN 
uU NnPLA m REA d Dr TE z 
c uM Ny ee eat 


; Ker 
‘ey = wae RC SOSA hal bh Gi i 
SoBe Ss d "Rss Ur c Sea dat vr oti Pc E. 


FIGURE 1. Echocardiogram from a 72 year old woman showing posterior submitral calcification (open arrows) between the mitral valve and left 
ventricular posterior wall (LVPW). When a scan is made from the left ventricle to the left atrium (LA), this calcification ends abruptly, contiguous 
with the left ventricular posterior wall (solid arrows), just before the latter becomes continuous with the left atrial posterior wall. AAR = anterior 
aortic root; AML = anterior mitral leaflet; AV = aortic valve; CT= chordae tendineae; ECG = electrocardiogram; PAR = posterior aortic root; VS 


— ventricular septum. 


However, careful perusal of the published autopsy data 
on “mitral anulus calcification,” particularly the work 
of Kirk and Russell, reveals that in most cases the bulk 
of the calcific deposit is located not at the fibrous mitral 
ring, but rather in the angular space between the pos- 
terior mitral leaflet and the subjacent left ventricular 
posterior wall. Our echocardiographic observations 
indicate, indeed, that so-called mitral anulus calcifica- 
tion is commonly situated in this space. We also en- 
countered some instances of calcification below the 
anterior mitral leaflet, a finding that has been entirely 
overlooked in previous reports. 


Methods 


Patients: Our series consists of 84 patients aged 60 years 
or more who had the typical findings of *mitral anulus calci- 
fication" on M mode echocardiography. Seventeen (20 per- 
cent) were men aged 63 to 85 years (mean 74) and 67 (80 per- 
cent) were women aged 60 to 93 years (mean 74). As stated in 
our description of the first 38 of these patients,!^ we initially 
required radiographic or fluoroscopic confirmation of “mitral 
anulus calcification" but later relied entirely on the charac- 
teristic echocardiographic findings for the diagnosis after our 
experience and that of others'*-?! showed that ultrasound was 
equal or superior to radiologic techniques for this purpose. 

Echocardiography: M mode echocardiography was per- 
formed using a Picker Echoview 10 ultrasonoscope, interfaced 
to an 1856 Honeywell strip chart recorder or a Picker System 
80-C with a gray scale strip chart recorder. The transducer, 
2.25 megahertz, 12 mm diameter, was focused at 7.5 cm. Two 
dimensional echocardiography was performed in 35 patients 
using a Picker Cardiac Imager for real time two dimensional 
imaging. A mechanical scanner was used with angles ranging 
from 30? to 60?, a scanning rate of 45 frames/sec and a 
transducer similar to that used for M mode scanning. 

The left ventricle, mitral valve, aortic root and left atrium 
were scanned using established M mode and two dimensional 
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echocardiographic techniques.”? Repeated M mode scans were 
made of the left ventricle at all possible levels, and scans were 
also made from the region of the left ventriele to the left 
atrium to ascertain the extent of “mitral anulus calcification” 
and its precise anatomic relation to neighboring structures 
such as the left ventricular posterior wall, anterior and pos- 
terior mitral leaflets, mitral chordae tendineae and anterior 
and posterior aortic root. 

On two dimensional echocardiography, the left ventricle 
and left atrium were visualized in the left ventricular long axis 
and short axis planes, as well as from the apical and subxi- 
phoid “windows” to obtain four chamber and two chamber 
(left atrium and ventricle) cuts of the heart. Particular at- 
tention was directed to recording the spatial relation of “mitral 
anulus calcification" to adjacent structures. Because it is not 
currently possible to distinguish between calcification and 
dense sclerosis (without calcification) with echocardiography, 
we use the term calcification to indicate true calcification as 
well as dense fibrosis in our echocardiographic descrip- 
tions. 


Results 
M Mode Echocardiography 


Posterior submitral calcification: We use this term 
to describe calcification in a plane posterior to the 
posterior mitral leaflet (or posterior to the anterior 
mitral leaflet if the posterior leaflet is obscured by the 
ealcification). Posterior submitral calcification was 
noted in all but two patients as a dense echo 5 to 16 mm 
wide between the mitral valve cusps and the left ven- 
tricular posterior wall (Fig. 1 and 2). The posterior mi- 
tral leaflet could be identified anterior to this abnormal 
dense echo in 73 patients; in the other 9 only the anterior 
mitral cusp was seen, the posterior cusp being hidden 


or obscured by the calcification. Abnormally smalP 


values for the mitral E-F slope and anterior mitral 
leaflet diastolic excursion were frequently observed.!4 
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FIGURE 2. Echocardiogram from a 76 year old woman showing a scan from the left ventricle to the left atrium (LA). The arrowheads indicate posterior 
submitral calcification (SMC) that appears to merge with the thick posterior aortic root (PAR). MV — mitral valve; RVAW - right ventricular anterior 


wall; other abbreviations as in Figure 1. 


“Mitral anulus calcification” was contiguous with the 
left ventricular posterior wall endocardium in 14 pa- 
tients, but in the other 70 was separated from it by a 
clear space. When a scan from the left ventricle to the 
left atrium was performed (Fig. 3), the calcification echo 
(1) ended abruptly and remained separate from that of 
the posterior aortic root, as well as from that of the 
posterior wall of the A-V junction (52 cases), (2) de- 
viated anteriorly to become continuous with the echo 
of the posterior aortic root (16 cases) (Fig. 2), or (3) met 
the echo of the posterior wall of the A-V junction as it 
terminated abruptly (14 cases) (Fig. 1). Only in the 
latter situation could the calcification be considered as 
extending to or into the true mitral anulus. In varieties 
(1 and 2) the submitral calcification clearly was located 
in the angle between the posterior mitral leaflet and the 
left ventricular posterior wall. In variety 2 this calcifi- 
cation extended anteriorly and rightward, in close 
relation to the edge of the anterior mitral leaflet and 
toward the posterior aspect of the aortic anulus (pos- 
terior aortic root in echocardiographic terminology), 
whereas in variety 1 the submitral calcification was re- 
stricted to the area below the posterior mitral leaflet. 

Anterior submitral calcification: We use this term 
to describe calcification within the left ventricle anterior 
to the plane of the anterior mitral leaflet. Anterior 
submitral calcification was seen in 12 patients, 10 of 
whom also had posterior submitral calcification. It 
usually manifested as a band-like dense echo immedi- 
ately anterior and adjacent to the anterior mitral leaflet 
(Fig. 4 and 5). Exceptionally, anterior submitral calci- 
fication appeared as a discrete mass of calcium in the 
mid left ventricle. 


Two Dimensional Echocardiography 


The two dimensional technique demonstrates even 
* more clearly the localization of “‘mitral anulus calcifi- 
cation” to the angle between the left ventricular pos- 
terior wall and the posterior mitral leaflet. Posterior 


submitral calcification was usually seen to be quite 
separate from the posterior wall of the left ventricle and 
left atrium (Fig. 6) in both the long and short axis views. 
In patients with emphysema scanning from the para- 
sternal region is difficult, and we have found subxiphoid 
scanning useful in visualization of posterior submitral 
calcification as well as aortic valve calcification. Anterior 
submitral calcification and its anatomic relation to the 
aortic root, aortic valve and mitral valve was also well 
demonstrated with two dimensional echocardiography 
(Fig. 7). 


Discussion 


Before the advent of echocardiography, precise lo- 
calization of calcification within the heart was difficult 


E s c9 dM 








POST SMC 


FIGURE 3. Diagram depicting the different echocardiographic patterns 
in patients with posterior submitral calcification (POST SMC) as de- 
lineated in the scans from the left ventricle to the left atrium. This cal- 
cification is represented as a thick black band-like echo between the 
posterior mitral leaflet (PML) and the left ventricular posterior wall 
(LVPW). As the scan continues to the left atrium, this dense band usually 
ends abruptly, approximately midway between the posterior aortic root 
(PAR) and the left atrial posterior wall (LAPW). However, in some cases, 
the calcification slopes anteriorly (upper stippled band) to merge with 
the posterior aortic root. In other instances the calcification inclines 
posteriorly (lower stippled band) to become contiguous with the pos- 
terior A-V junction. Abbreviations as in Figure 1. 
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FIGURE 4. Echocardiograms from a 72 year old man (above) and a 98 year old woman (below). Bcth show scans from the left ventricle to the aortic 
root and back to the left ventricle. In the upper panel, anterior submitral calcification (arrows pointing down) and posterior submitral calcification 
(arrows pointing up) appear as parallel band-like echoes simulating aortic root motion during the transition from the left ventricie to the left atrium 
(LA). In the lower panel, anterior submitral calcification manifests as a dense echo (arrows pointing down) just anterior to the anterior mitral leaflet. 
In both patients the anterior (but not the posterior) submitral calcification becomes continuous with the posterior aortic root (PAR). LAPW - left 
atrial posterior wall; MV — mitral valve; RVAW - right ventricular anterior wall; other abbreviations as in Figure 1. 
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FIGURE 5. Echocardiograms from a 31 year old woman with chronic renal failure. In the M mode echocardiogram (above) a scan is made from 
the left ventricle at the level of the mitral valve (open arrow) to the aortic root and left atrium (LA). The arrows pointing up indicate posterior submitral 
Calcification; the arrows pointing down indicate anterior submitral caicification, superimposed on the anterior mitral leaflet and merging with the 
posterior aortic root (PAR). Frames A, B, C and D from the two dimensional echocardiogram, in the left ventricular short axis view, represent in 
sequence a scan medially and upward from the left ventricle to the aortic root. In frames A and B, both anterior (A) and posterior (P) submitral cal- 
Cification (SMC) are visualized; frame C shows only the anterior submitral calcification; in frame D a thickened aortic anterior (AAR) and posterior 
(PAR) root is seen with the aortic valve (AV) within it. Frame E, in the long axis of the left ventricle, shows the relationship of anterior and posterior 
submitral calcification to the aortic root (AR) and ventricular septum (VS). Frame F depicts the apical four-chamber view, demonstrating the relationship e 
of submitral calcification to the left atrium (LA), left ventricle (LV), and ventricular septum. RVAW - right ventricular anterior wall; other abbreviations 
as in Figure 1. 
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FIGURE 6. Two dimensional echocardiogram from a 72 year old man. Frames A, B and C show the left ventricle and aortic root in the long axis 
view. Posterior submitral calcification (SMC[P]) is seen between the anterior mitral leaflet (AML) and the left ventricular posterior wall (LVPW). 
Frame D shows the left ventricle in short axis view. Posterior submitral calcification is visible anterior to the left ventricular posterior wall. A = 
anterior; | = inferior; L = left; P = posterior; R = right; RV = right ventricle; S = superior; other abbreviations as in Figure 1. 
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FIGURE 7. Two dimensional echocardiogram from a 73 year old man showing anterior (A) as well as posterior (P) submitral calcification (SMC). 
Frames A and B show the aortic root and mitral region in long axis. The aortic valve is calcified. Anterior submitral calcification is situated just anterior 
to the base of the anterior mitral leaflet (AML) and projects inferiorly into the left ventricle. Frames C and D, in a slightly different plane but also 
in the long axis view, show the mitral cusps as small linear echoes between the anterior and posterior submitral calcification. In this plane, the 

e aortic root (AR) and anterior submitral calcification are barely visible. Frame E shows the aortic root (AR) in the short axis view; its thick posterior 
wall may include part of the anterior submitral calcification. Frame F, which shows the left ventricle in short axis, demonstrates anterior and posterior 
submitral calcification. Abbreviations as in Figure 6. 
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with noninvasive radiologic techniques. Echocardiog- 
raphy has made it possible to detect even small areas of 
calcification and to ascertain the relation of perivalve 
calcific deposits to the left ventricular posterior wall, 
ventricular septum and aortic and mitral valves. Two 
dimensional echocardiography can overcome to a large 
extent the problems of resolution that accompany the 
M mode technique and can enhance the ability to 
visualize the size, shape and anatomic location of in- 
tracardiac ealcification. 

Calcification within the left ventricle can be cate- 
gorized into (1) calcification of the mitral valve leaflets, 
. usually the result of old rheumatic inflammation; (2) 
calcification of old myocardial infarction, ventricular 
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FIGURE 8. Diagrams showing long axis (A) and short 
axis (C) views of the normal left ventricle. In A, the 
mitral ring is shown in circumference rather than in 
section. In B, the apical left ventricle has been re- 
moved so that the aortic and mitral valves are visible 
from below (ventricular aspect). B and D are com- 
posite diagrams depicting the location of submitral 
calcification (SMC) (dense black areas) as observed 
by us in two dimensional echocardiograms. Aortic 
valve calcification (Cal Ao Val) is a frequent associ- 
ated finding. The intervalve septum (I Val Sept), a 
narrow fibrous structure bridging the space between 
aortic and mitral rings,?? may be the site of origin of 
some cases of anterior submitral calcification (Ant 
SMC). An = anulus; Ao Val = aortic valve; PM = 
papillary muscles; PML = posterior mitral leaflet; Post 
= posterior; RVAW = right ventricular anterior wall; 
other abbreviations as in Figures 1 and 6. 


aneurysm or mural thrombi; and (3) submitral calcifi- 
cation, with which this study is concerned. Categories 
1 and 2 are excluded from the present series. Submitral 
calcification can be classified conveniently into anterior 
submitral calcification, anterior to the anterior mitral 
cusp, and posterior submitral calcification, posterior to 
the posterior mitral cusp (Fig. 8). 

Posterior submitral calcification: This category 
includes what is commonly referred to as “calcified 
mitral anulus” or “mitral anulus calcification.” Our 
echocardiographic data indicate that although calcifi- 
cation in the mitral ring itself (that is, in the posterior 
wall at the left ventricular-left atrial junction) some- 
times occurs, more often the calcific deposits are sit- 


FIGURE 9. Diagram at left shows a longitudinal sec- 
tion through the heart passing thrcugh the posterior 
mitral cusp and posterior submitral angle. Of the 
smaller diagrams on the right, 1 shows calcification 
in the true mitral ring; 2 shows calcification in the 
posterior submitral angle, the common type of ‘‘mitral 
anulus calcification'; 3 shows a combination of 1 and 
2; and 4 shows massive posterior submitral calcifi- 
cation distending the entire posterior submitral angle, 
distorting the posterior mitral leaflet ahd penetrating ^ 
into the left ventricular posterior wall (LVPW). LAPW 
= left atrial posterior wall. 








uated in the angle between the posterior mitral leaflet 
and the subjacent left ventricular posterior wall (pos- 
terior submitral angle) (Fig. 8 and 9). This latter type 
of calcification is adjacent to but separate from the 
posterior wall of the left ventricular-left atrial junction. 
Our findings are in accord with the observations of Kirk 


e and Russell? who found that in 24 autopsy cases of 


“mitral anulus calcification,” calcification was confined 
to the mitral valve ring in only 2 cases, whereas in the 
other 22 it was located mainly or only in the posterior 
submitral angle. In their postmortem study of mitral 
valve changes with advancing age, Sell and Scully? 
found that calcification occurs sometimes in the fibrous 
mitral ring, sometimes in the base of the posterior mitral 
cusp (protruding into the posterior submitral angle) and 
sometimes in both regions. However, in their autopsy 
material, calcification was encountered more frequently 
in the true mitral anulus than in the base of the poste- 
rior mitral cusp. 

The echocardiographic visualization of “mitral anulus 
calcification" as a dense, band-like echo situated be- 
tween the echoes of the mitral valve and left ventricular 
posterior wall was first described adequately by 
Hirschfeld and Emilson,!° who emphasized the abrupt 
termination of the calcification echo when a scan is 
performed from the left ventricle to the left atrium. 
These authors pointed out that the calcification could 
easily be mistaken for the left ventricular posterior wall; 
they stated that the abrupt ending of the calcification 
echo in a scan from the left ventricle to the left atrium 
serves to identify “mitral anulus calcification,” whereas 
the left ventricular posterior wall echo would become 
continuous with that of the left atrial posterior wall. The 
reiteration by several subsequent authors?.1?14.1725 that 
the “mitral anulus calcification” echo terminated 
abruptly in the scans from the left ventricle to the left 
atrium (or began abruptly in those from the left atrium 
to the left ventricle) might convey the impression that 
it invariably does so or that this finding is essential for 
the echocardiographic diagnosis of *mitral anulus cal- 
cification." However, in a sizable minority of our cases, 
scans from the left ventricle to the left atrium revealed 
that the posterior “mitral anulus calcification” echo 
sloped anteriorly to become continuous with that of the 
posterior aortic root; a similar appearance is evident in 
Figure 6 of Gabor et al.!! Walmsley and Watson? 
showed that a small recess exists between the most 
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posterior portion of the anterior mitral leaflet and the: 


subjacent left ventricular wall, and Kirk and Russell® 


E 


>y 


demonstrated that posterior submitral calcification can . 


in some cases extend into this recess, thereby ap- 
proaching the aortic valve ring. Echocardiographically 
such submitral calcification would manifest itself as 
continuity or contiguity between posterior submitral 
calcification and the posterior aortic root (Fig. 2). 

Anterior submitral calcification: This category has 
received scant attention in previous autopsy and 
echocardiographic descriptions of “mitral anulus cal- 
cification,” perhaps because it is much less common 
than posterior submitral calcification. The anterior 
mitral cusp is not attached to a true fibrous anulus as 
is the posterior mitral cusp; therefore, strictly speaking, 
the mitral valve ring is deficient anteriorly.” However, 
calcification in the region of the left ventricular outflow 
tract just anterior to the anterior mitral leaflet has been 
noted previously by us!4 and is evident in Figure 7 of 
Gabor et al. (but not discussed by them).!! Korn et al.4 
reported that mild calcification in the region of the base 
of the anterior mitral leaflet was common at autopsy 
and that occasionally such calcific deposits could be 
severe, as in their Case 5 and Figure 5. 

Anterior submitral calcification usually appears im- 
mediately anterior to the base (attachment) of the an- 
terior mitral leaflet. These calcific deposits could pos- 
sibly originate on the ventricular surface of the base of 
the anterior mitral leaflet or in the region of the aortic 
valve anulus or the intervalve septum?? (the fibrous 
structure 2 to 10 mm wide that bridges the gap between 
the aortic valve cusps and the basal attachment of the 
anterior mitral leaflet). Sometimes the anterior and 
posterior submitral calcifications appear as two dense 
band-like parallel echoes, resembling the aortic root 
echo in contour (Fig. 4). Scanning toward the aortic root 
shows that anterior submitral calcification merges into 
the posterior aortic root. Exceptionally, a calcific mass 
may be seen in the mid left ventricular region, perhaps 
in connection with mitral chordae tendineae. 

Implications: Our echocardiographic observations 


suggest that so-called mitral anulus calcification fre-. 


quently does not originate in or even near the true mitral 
ring. Anterior and posterior submitral calcification may 
therefore be more appropriate terms to categorize cal- 
cific deposits subjacent to the anterior and posterior 
mitral cusps. 
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A quantitative analysis of the degree and extent of coronary arterial 
narrowing by atherosclerotic plaques in the entire lengths of each of the 
four major coronary arteries in a group of patients dying suddenly from 
coronary heart disease (“sudden coronary death") is described at ne- 
cropsy. Cross sections were examined histologically in a total of 1,564 
five mm long segments of the left main, left anterior descending, left cir- 
cumflex and right coronary arteries in 31 patients with sudden coronary 
death, and the observations were compared with those from examination 
of 1,100 five mm segments of the major epicardial coronary arteries in 
25 control subjects. An average of 25 cm (50 five mm segments) of cor- 
onary artery were examined from each patient and an average of 22 cm 
(44 five mm segments) from each control subject. Of the 1,564 five mm 
segments examined in the 31 study patients, 557 (36 percent) were 76 
to 100 percent narrowed in cross-sectional area by atherosclerotic 
plaques (control subjects 3 percent), 536 (34 percent) were 51 to 75 
percent narrowed (control subjects 22 percent), 360 (23 percent) were 
26 to 50 percent narrowed (control subjects 42 percent) and only 111 
segments (7 percent) had 25 percent or less narrowing (control subjects 
33 percent). The amount of severe (greater than 75 percent) narrowing 
of the right, left anterior descending and left circumflex coronary arteries 
was similar. Additionally, the amount of severe (greater than 75 percent) 
narrowing in the distal one half of the right, left anterior descending and 
left circumflex coronary arteries was similar to that in the proximal halves 
of these three arteries. The number of 5 mm coronary arterial segments: 
narrowed 76 to 100 percent in cross-sectional area in the 31 study patients 
was not affected by the patient's age at death, sex, presence or absence 
of previous angina pectoris or myocardial infarction or the weight of the 
heart. 


Although it is recognized that patients who die suddenly from coronary 
heart disease have considerable narrowing of one or more major epi- 
cardial coronary arteries,!-? the exact amount of luminal narrowing in 
any one or in each of the four major epicardial coronary arteries has not 
been described. Accordingly, we determined the degree of cross-sectional 
luminal narrowing in each 5 mm segment of each of the four major epi- 
cardial coronary arteries in 31 patients who died suddenly from coronary 
heart disease and compared the findings with those in 25 control 
subjects. 


Methods 


Study patients: Only patients fulfilling the following criteria were included 
in this study: (1) Death was known to occur within 6 hours of the previously 
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witnessed usual state of health. (2) Although the patient may 
have died in a hospital, he or she was not a patient in a hospital 
at the onset of symptoms suggestive of myocardial ischemia. 
(3) At necropsy, at least one of the four major (right, left main, 
left anterior descending, left circumflex) epicardial coronary 
arteries was more than 75 percent narrowed in cross-sectional 
area by atherosclerotic plaque. (4) Ventricular myocardial 
coagulation necrosis was absent at necropsy. (5) A cause of 
death, either cardiac or noncardiac, other than coronary lu- 
minal narrowing was absent. (6) Chronic congestive cardiac 
failure had never been present. (7) A cardiac operation had 
never been performed. A review of clinical and necropsy rec- 
ords in the Pathology Branch, National Heart, Lung, and 
Blood Institute revealed that 31 patients fulfilled these criteria 
and their hearts and coronary arteries were available for 
reexamination. Their pertinent clinical and noncoronary 
cardiac necropsy observations are summarized in Table I. 
Control subjects: Control subjects, similar in age and sex 
to the study patients, were selected on the basis of the fol- 
lowing criteria: (1) death from a noncardiac condition; (2) 
absence of symptoms suggesting or indicating myocardial 
ischemia or cardiac dysfunction during life; (3) absence of 
systemic hypertension (blood pressure more than 140 mm Hg 
systolic or more than 90 mm Hg diastolic, or both); (4) absence 
of therapeutic mediastinal irradiation; and (5) absence of 


TABLE | 


Quantitation of Coronary Arterial Narrowing in Patients With 
Sudden Coronary Death and Control Subjects: Clinical 
Observations and Noncoronary Cardiac Findings 





Patients With 
Coronary Death Control Group 





(no. — 31) (no. — 25) 
Age (yr) 
Range 22-85 25-74 
Mean 47 49 
Sex 
Male 24(77 96) 18(2296) 
Female 7(2396) 7(2896) 
Historical data 
Angina pectoris 16/29(55 96) 0/25 
Past AMI 0/31 0/25 
Chronic CHF 0/31 0/25 
Diabetes mellitus 6/29(21%) 0/25 
Systemic hypertension 5/19(26 %) 0/25 
Laboratory data 
Serum cholesterol measured 10/31 21/25 
Serum cholesterol >200 mg/dl 9/10* 5/21* 
Serum cholesterol! values (mg/dl) 
Range 198-700 128-245 
Mean 361* 176* 
Serum triglyceride measured 9/31 4/25 
Serum triglyceride >200 mg/d! 4/9 1/4 
Serum triglyceride values (mg/dl) 
Range 86- 1,000 106—202 
Mean 362 151 
Autopsy data 
Heart weight (g) 
Range 260-540 200-400 
Mean 420* 288* 
Patients with cardiomegaly ' 21/31(6896) 0/25 
Patients with gross LV scars 
<1/2 wall thickness 6(1996) 0 
> 1/2 wall thickness 4(1396)* 0 


* Significant difference between patients and control groups 

(probability [P] « 0.05). 
Heart weight more than 400 g in men or more than 350 g in 

women. 

* Posterior wall scars in each. These patients never had clinical 
svidence of acute myocardial infarction. 

AMI = acute myocardial infarct that healed; CHF = congested heart 
failure; LY = left ventricular. 
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cardiomegaly (heart weight less than or equal to 400 g in men 
and 350 g in women) at necropsy. A total of 25 subjects who 
fulfilled these criteria were selected as control subjects: 13 died 
of carcinoma or sarcoma, 5 of leukemia, 4 of lymphoma and 
1 each of heat stroke, gunshot wound and acute infection. 
Coronary arterial histologic studies: The coronary ar- 


teries in all patients and in control subjects were studied in? € 


similar fashion (Fig. 1). The hearts were fixed for at least 1 day 
in formalin. 'The four major epicardial coronary arteries then 
were excised intact, studied roentgenographically and fixed 
for at least another day. After decalcification (if necessary), 
each of the four major coronary arteries was cut transversely 
to its longitudinal axis into approximately 5 mm long seg- 
ments, and each segment was labeled sequentially from either 
its aortic ostium or from its origin from the left main coronary 
artery. The number of 5 mm segments examined in the study 
patients and control subjects is summarized in Table II. The 
5 mm segments were labeled, dehydrated (alcohol and xylene) 
and embedded in paraffin, and two histologic sections were 
cut and stained from each paraffin block. The Movat stain was 
used on one histologic section, and all determinations of lu- 
minal narrowing were based on examination of the Movat- 
stained sections. 

The degree of narrowing was determined after histologic 
examination of each cross section magnified 25 to 50 times. 
The judgment regarding the degree of luminal narrowing of 
each 5 mm segment was based on the degree of luminal 
obliteration within the luminal circle bordered by the internal 
elastic membrane, The circle was visually subdivided inte four 
equal-sized quadrants, and the degree of cross-sectiona! area 
luminal narrowing in each 5 mm segment was graded as 0 to 
25, 26 to 50, 51 to 75 or 76 to 100 percent. All sections were 
examined by one of us, and random sections were examined 
by the other. In 95 percent of the sections examined by both 
of us, the degree of grading was similar. [n sections from sev- 
eral patients examined independently by two other observers, 
agreement on degree of severity of narrowing also was greater 
than 95 percent. (Agreement between degree of narrowing as 
assessed with magnification during microscopy and with 
planimetry is also about 95 percent. Comparison of these data 
is the subject of another study in preparation.) 

Myocardial histology: In addition to the sections from the 
major epicardial coronary arteries, at least three histologic 
sections extending from the endocardium to the epicardium 
and at least 2 cm in circumferential dimension were prepared 
from the left ventricular myocardium of each patient and 
stained with hematoxylin-eosin. Gross myocardial fibrosis 


TABLE Il 
Number of 5 mm Long Segments of Major Epicardial 
Coronary Artery Examined Per Patient 


Number (Range [mean]) of 


5 mm Segments per Patient 
Patients With Sudden 


Coronary Coronary Control Group 
Artery Death (no. — 31) (no. — 25) 
Right 8-31 (20.0) 12-27 (18.1) 
Left main 1-4 (1.8) 1-3 (1.6) 
Left anterior 13-27 (18.8) 11-26 (15.3) 
descending 
Left circumflex 4—20 (10.1) 3-27 (9.3) 
Total segments of 4 39-78 (50.5) 31-67 (44.0) 
coronary 
arteries 
per patient 


v 
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(Table I, 10 patients) and the absence of myocardial coagu- 
lation necrosis were confirmed in each patient by histologic 
examination. 

Results 


Coronary arterial pathology in study patients 
e versus control subjects: Among the 31 patients with 
sudden coronary death, a total of 121 major coronary 
arteries were examined (the left main artery was not 
examined in 3 patients); among the 25 control subjects, 
96 major coronary arteries were examined (the left main 
artery was not examined in 4 subjects). The maximal 
degree of cross-sectional area of luminal narrowing by 
atherosclerotic plaque in one or more of the four major 
coronary arteries in each of the 31 study patients and 
in each of the 25 control subjects is summarized in Table 
III. All study patients had 76 to 100 percent cross-sec- 
tional area luminal narrowing by atherosclerotic plaque 
in one or more of the four arteries, and 7 (28 percent) of 
the 25 control subjects had this degree of narrowing. 
The number of arteries narrowed 76 to 100 percent was 
quite different in the study patients and control 
subjects. Of the 31 study patients, 29 (94 percent) had 
two or more of the four major coronary arteries nar- 
rowed 75 percent or more in cross-sectional area by 
atherosclerotic plaque, whereas only 3 (12 percent) of 
the 25 control subjects had two or more arteries nar- 
rowed to this degree. 

Of the study patients, 3 had greater than 75 percent 
narrowing by atherosclerotic plaque of all four major 
coronary arteries; 20 patients had three coronary arte- 
ries narrowed to this degree; 6 patients had two arteries 
and 2 patients had a single artery narrowed to this ex- 
tent. Thus, of the possible 124 major coronary arteries 
in the 31 study patients (actually only 121 arteries were 
examined), 86 (67 percent) were more than 75 percent 
narrowed in cross-sectional area by atherosclerotic 
plaque for an average of 2.8/4.0 coronary arteries per 
study patient. If the left main coronary artery was ex- 
cluded, 83 (89 percent) of the other 93 major (right, left 
anterior descending and left circumflex) coronary ar- 
teries were narrowed more than 75 percent in cross- 
sectional area by atherosclerotic plaque, for an average 
of 2.7/3.0 coronary arteries per study patient. Of the 


TABLE lll 





NTERIOR 
ESCENDING 


FIGURE 1. Diagram showing the four major coronary arteries and their _ 


division into 5 mm segments. 


seven control subjects with greater than 75 percent 
cross-sectional area narrowing by atherosclerotic 
plaque, one had all four major coronary arteries nar- 
rowed to this degree, three had two arteries similarly 
narrowed and three had only one artery so narrowed. 
Thus, of the possible 100 major coronary arteries in the 


25 control subjects (actually only 96 arteries were ex- — 


amined), a total of 13 (13 percent) were narrowed more 
than 75 percent in cross-sectional area by atheroscle- 


rotic plaque for an average of 0.5/4.0 coronary arteries i 
per control subject. If the left main coronary artery was ? 


1 


excluded, 12 (16 percent) of the 75 other major (right, . 


left anterior descending, left circumflex) coronary ar- 
teries were narrowed more than 75 percent in cross- 
sectional area by atherosclerotic plaque for an average 
of 0.5/3.0 coronary arteries per control patient. Two of 
the 31 patients had thrombus in one coronary artery. In 
each the thrombus was superimposed on atherosclerotic 
plaque, and the calculations of luminal narrowing did 
not include the amount of luminal obliteration con- 


tributed entirely by the thrombus, only that part re- - 


sulting from atherosclerotic plaque. None of the control 
subjects had a coronary thrombus. 


Number of 31 Patients With Sudden Coronary Death (SCD) and 25 Control Subjects (C) Showing Maximal Luminal Narrowing 
of One or More Major Epicardial Coronary Arteries by Atherosclerotic Plaque 


Percent Cross-Sectional Area Luminal Narrowing 





0-25 oe cro pude 76-100 Total  — 

Artery SCD C SCD C SCD C SCD C SCD C 
RCA -— — 0 0 0 3 0 1 0 4 
LAD — E 0 0 0 1 2 2 2 3 
RCA LAD — e 0 1 0 J 3 2 3 7 
RCA, LCx — -— 0 0 0 0 3 0 3 0 
LAD, LCx — — 0 0 0 2 0 1 0 3 
RCA, LAD, LCx -— — 0 2 0 3 20 0 20 5 
RCA, LMCA,* LAD, LCx 0 1 0 1 0 0 3 1 3 3 
Total no. 0 1 0 4 0 13 31 7 31 25 

(76) (0) (4) (0) (16 ) (0) (52 ) (100 ) (28 ) (100 ) (100 ) 


* Sections of left main coronary artery were not examined in three patients with sudden coronary death and four control subjects. 
LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; LMCA = left main coronary artery; RCA = right coronary 


artery. 
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TABLE IV ki 
Number and Percent of 5 mm Long Segments of the Four Major Epicardial Coronary Arteries in 31 Patients With Sudden 
Coronary Death (SCD) and in 25 Control Subjects (C) Showing the Four Grades of Cross-Sectional Luminal Narrowing 
0-25 26-50 51-75 76-100 Total 
Artery SCD C SCD C SCD C SCD C SCD C o * 

Oc decirlo EE o TUE SEVERUS UIS Ste. LET ORR Se ee a she RERO RUD Se, P c e.g 13 on a CHEER od 
LMCA 

no. 11 8 19 20 13 3 5 2 48 33 

96 (22) (24) (40) (61) (28) (9) (10) (6) (100) (100) 
LAD 

no. 55 121 143 154 181 B5 205 22 584 382 
Tae (9) (32) (24) (40) (31) (22) (36) (6) (100) (100) 

x 

no. 20 90 74 96 104 43 115 3 313 232 
EP (6) (39) (24) (44) (33) (16) (37) (€1) (100) (100) 

no. 25 144 124 200 238 106 232 3 619 453 
= bs (4) (32) (20) (44) (38) (23) (38) (<1) (100) (100) 

ota 

no. 111 363 360 470 536 237 557 30 1564 1100 

% (7) (33) (23) (42) (34) (22) (36) (3) (100) (100) 
eum eec SE dt ERREUR ra. ST es SY! A | sf UL REL 2 A, OPERI S, NEC 


* Sections not examined in three patients with sudden coronary death and in four control subjects. 
LAD = left anterior descending coronary artery; LC = left circumflex coronary artery; LM = left main coronary artery; R = right coronary artery. 


Summary of quantitative analysis of coronary nificantly (P <0.05) different between study patients 
arterial narrowing: The results of the quantitative and control subjects at each of the four levels of nar- 
analysis of the 5- mm long coronary arterial segments rowing (Fig. 2). 
in both study patients and control subjects are sum- The number or pereent, or both, of 5 mm long seg- 
marized in Table IV. Of the 1,564 five mm long seg- ments narrowed to various degrees in each of the four 
ments of major coronary arteries examined in the 31 major coronary arteries also are summarized in Table 
study patients, 557 segments (36 percent) were 76 to 100 IV and in Figures 3 and 4. The mean percent of 5 mm 
percent narrowed in cross-sectional area by athero- segments of left anterior descending, left circumflex and 
sclerotic plaque (control subjects 3 percent), 536 seg- right coronary arteries narrowed was significantly (P 


ments (34 percent) were 51 to 75 percent narrowed <0.05) different between study patients and control 
(control subjects 22 percent), 360 segments (23 percent) subjects at each of the four levels of narrowing. No sig- 








were 26 to 50 percent narrowed (control subjects 42 nificant differences were detected in mean percent of 
percent) and 111 segments (7 percent) were 0 to 25 segments of left main coronary artery narrowed 0 to 25, 
percent narrowed (control subjects 33 percent). The 26 to 50, 51 to 75 and 78 to 100 percent between study 
mean percent of 5 mm coronary segments narrowed 0 patients and control subjects. The mean percent of 5 
to 25, 26 to 50, 51 to 75 and 76 to 100 percent was sig- mm segments of right, left anterior descending and left 
50 Controls (1,100 Segments) 
E 1:04 Patients (1,566 Segments) 
E p<.05 
Sp € 
$ tf 
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ge 
a o 
ác 
s 5 7 
po ^ 
SS 
s E A 
a: 2 A 
EO 10 7 
co 
: 7 
Z ZA SEES FIGURE 2. Percent of 5 mm segments of all four 
0 LI 
76-100 major coronary arteries narrowed to various degrees 
in the 31 study patients (aged 22 to 85 years, average 
Percent Luminal Narrowing in Cross-sectional Area 47) and in the 25 control subjects (aged 25 to 74 
by Atherosclerotic Plaque years, average 49). p — probability. 
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FIGURE 3. Mean percent of 5 mm segments of each of the four major coronary arteries narrowed to various degrees in the 31 patients with sudden 
coronary death (left) and in the 25 control subjects (right). The amount of luminal narrowing of the right (R), left anterior descending (LAD), and left _ 
circumflex (LC) coronary arteries is similar within each study group. The degree of severe narrowing of the left main (LM) coronary artery is considerably | 
less than that of the other three arteries in the study patients. 
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Mean Percent (+ Standard Error) of mm 
Segments of Left Circumflex Coronary Artery 
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e by Atherosclerotic Plaque by Atherosclerotic Plaque 


FIGURE 4. Mean percent of 5 mm segments of each of the four major coronary arteries narrowed to various degrees in the 31 patients with sudden - 
corónary death and in the 25 control subjects. Upper left, left main artery. Upper right, left anterior descending artery. Lower left, left circumflex 
artery. Lower right, right coronary artery. p — probability. 
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circumflex coronary arteries at each of the four levels 
of narrowing was similar in the study patients. Likewise, 
the mean percent of segments of each of these three 
major coronary arteries narrowed to various degrees in 
the control subjects was similar. The degree of nar- 
rowing of the left main artery in both study patients and 
control subjects was quite different from the mean 
percent of narrowing of the segments in the other three 
major coronary arteries. 

Proximal versus distal coronary arterial nar- 
rowing: The mean percent of 5 mm segments narrowed 
76 to 100 percent in cross-sectional area in the proximal 
half of the right, left anterior descending and left cir- 
cumflex coronary arteries was similar to the mean per- 
cent of 5 mm segments similarly narrowed in the distal 
half of these arteries (Fig. 5). The mean percent of seg- 
ments narrowed more than 75 percent was 39 percent 
in the proximal half of these three arteries and 34 per- 
cent in the distal half (P 70.05). The distal half of the 
left anterior descending artery tended to have a smaller 
proportion of segments narrowed more than 75 percent 
than did the proximal half of this artery, but the oppo- 
site was true in both the right and left circumflex coro- 
nary arteries. The percent of 5 mm segments narrowed 
more than 75 percent in cross-sectional area by ath- 
erosclerotic plaque in the first 2 cm of left anterior de- 
scending coronary artery also tended to be higher than 
the percent narrowed more than 75 percent in the re- 
mainder of this artery (43 + 7 percent versus 33 + 30 [P 
20.05]). The opposite occurred in the left circumflex 
coronary artery. The mean percent of 5 mm segments 
narrowed 76 to 100 percent in cross-sectional area by 
atherosclerotic plaque in its first 2 cm tended to be less 
than the mean percent of segments narrowed to this 
degree distal to that point (32 + 5 versus 38 + 6 [P 
>0.05]). 
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"IGURE 5. Mean percent of 5-mm segments of the right, left anterior 
lescending and left circumflex coronary arteries narrowed more than 
'5 percent in cross-sectional area by atherosclerotic plaques in the 
iroximal one half compared with the distal one half of each of the three 
rteries in 31 patients with sudden coronary death. The mean percent 
f 5 mm segments severely narrowed was similar in both the proximal 
ind distal halves of these three arteries. 
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Clinicopathologic correlations: The relation of five 
clinical or morphologic variables in the study patients 
to the mean percent of 5 mm coronary segments nar- 
rowed more than 75 percent in cross-sectional area is 
summarized in Table V. Comparison of patients in three 
different age groups (less than or equal to 45, 46 to 65 


and more than 65 years) showed no significant differ? * 


ences in mean percent of coronary segments narrowed 
more than 75 percent. Likewise, no significant differ- 
ences in mean percent of coronary segments narrowed 
more than 75 percent in the study patients was apparent 
when comparing men with women, subjects with and 
subjects without previous angina pectoris, subjects with 
an increased and subjects with a normal heart weight 
and subjects with and subjects without a healed, 
transmural left ventricular myocardial infarct (Table 
V). 


Comments 


In many cardiovascular diseases, quantitation of the 
degree of severity of the condition is commonplace. 
Examples are the everyday recording of the exact 
pressure gradients across stenotic valves or the deter- 
mination, by several means, of the magnitude of a shunt 
from one side of the circulation to another. Angiography 
and, more recently, echocardiography, have provided 
means of measuring cavity size and, the latter, wall 
thicknesses. Attempts have recently been made to 
quantitate the size of myocardial infarcts. For years, 
coronary angiography has demonstrated “narrowing” 
in one or more epicardial coronary arteries in patients 
with coronary heart disease, but the exact degree or 
extent in any one or in all major epicardial coronary 
arteries has not been precise. Many thousands of au- 


TABLE V 


Mean Percent of Total 5 mm Segments in the Four Major 
(Right, Left Main, Left Anterior Descending, and Left 
Circumflex) Epicardial Coronary Arteries Narrowed >75 96 
in Cross Sectional Area by Atherosclerotic Plaque in 31 
Patients With Sudden Coronary Death (SCD): Comparison 
of Five Clinical or Morphologic Parameters 


Mean % (+SE) of 
5 mm Coronary 
Patients Segments Narrowed P 


(no.) >75% Value 
Age (yr) 
<45 15 36+6 
45-65 13 39 +5 >0.05 
>65 3 364+ 8 
Sex 
M 24 36+4 
F 7 30+ 8 >0.05 
Angina pectoris 
Present 18 34 +8 
Absent 13 35 +§ >0.05 
Heart weight 
Increased * 21 36+ 5 
Normal 10 3145 >0.05 
Healed transmural infarct, 
left ventricle 
Present 4 5124 
Absent 27 32 t4 


* 2400 g in men, 7350 g in women. 
P = probability; SE = standard error. 


aa 


topsies during this century have demonstrated severe 
narrowings in one or more major epicardial coronary 
arteries of patients with coronary heart disease, but 
there have been no attempts to quantitate the degree 
and extent of coronary luminal ala at necropsy 
in these patients. 


e° Quantitative coronary avds narrowing in 


sudden coronary death: The present study provides 
quantitative information on the degree and extent of 
luminal narrowing in each of the four major epicardial 
coronary arteries in 31 patients who died suddenly from 
coronary heart disease. More than 25 cm of the four 
major (right, left main, left anterior descending and left 
circumflex) epicardial coronary arteries was examined 
in each of the 31 patients for a total of nearly 790 cm of 
major coronary artery. One histologic section was ex- 
amined from each 0.5 cm segment or a total of 1,564 five 
mm segments from the 31 patients. Among the 31 pa- 
tients studied, the lumens in 36 percent of the entire 
lengths of the four major epicardial coronary arteries 
were more than 75 percent narrowed in cross-sectional 
area by atherosclerotic plaque. (A 75 percent cross- 
sectional area narrowing is equivalent to a 50 percent 
diameter reduction on luminogram.!?) The lumens in 
another 34 percent of the major coronary arteries were 
narrowed 51 to 75 percent in cross-sectional area. Thus, 
in the 31 patients with sudden coronary death, 70 per- 
cent of the lengths of the four major epicardial coronary 
arteries were more than 50 percent narrowed in cross- 
sectional area by atherosclerotic plaque. In contrast to 
the 36 percent of the lengths of the four major coronary 
arteries in the study patients with more than 75 percent 
narrowing of cross-sectional area, only 3 percent of the 
lengths of the four major coronary arteries in the control 
subjects were narrowed to this degree. 

Not only was severe narrowing widespread in the 
study patients, but some degree of narrowing was 
present in virtually every 5 mm segment of coronary 
artery studied; 93 percent of the coronary tree studied 
was more than 25 percent narrowed in cross-sectional 
area, and only 7 percent of the coronary tree was nar- 
rowed 25 percent or less in cross-sectional area, and not 
a single 5 mm segment was entirely normal in any pa- 
tient. In contrast, one third of the coronary tree in the 
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25 control subjects was narrowed 25 percent or less in 
cross-sectional area by atherosclerotic plaque. Thus, 
coronary atherosclerosis among patients with sudden 
coronary death is a diffuse process, involving, for 
practical purposes, all segments of all four major epi- 
cardial coronary arteries. 

Surprisingly, the degree of severe narrowing in the 
distal half of the right, left anterior descending, and left 
circumflex coronary arteries in the study patients (also 
in the control subjects) was just as great as in the 
proximal half of these arteries. The mean percent of 5 
mm segments narrowed more than 75 percent in 
cross-sectional area by atherosclerotic plaque in the 
proximal half of each of these three coronary arteries 
was similar to the mean percent of 5 mm segments 
similarly narrowed in the distal half of these arteries 
(Fig. 6). The implications of this observation for aor- 
tocoronary bypass grafting are obvious, but it has al- 
ready been demonstrated that most coronary anasto- 
moses are at sites of atherosclerotic plaques,!! yet 
myocardial perfusion apparently is rarely not in- 
creased. 

The degree of narrowing in the left anterior de- 
scending, left circumflex and right coronary arteries was 
similar; that is, the percent of 5 mm coronary segments 
narrowed 0 to 25, 26 to 50, 51 to 75 and 76 to 100 in each 
of these three arteries was similar. The left main coro- 
nary artery was considerably less narrowed than the 
other three major arteries. 

Clinical correlations: The amount of severe (greater 
than 75 percent) coronary arterial narrowing present 
in the patients with sudden coronary death could not 
be correlated with their age or sex, the presence or ab- 
sence of previous angina pectoris, the presence of nor- 
mal or increased cardiac weight at necropsy or the 
presence of transmural left ventrical scars at necropsy. 
Thus, the number of segments of coronary artery nar- 
rowed more than 75 percent in cross-sectional area by 
atherosclerotic plaque among patients with sudden 
coronary death was similar in the young and old pa- 
tients, in men and women, in those with and without 


previous episodes of angina pectoris or myocardial in- - 


farction and in those with either a normal-sized or an 
enlarged heart. 
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Computerized tomography was evaluated as a technique for imaging and 
measuring the effect of an intervention on acutely ischemic myocardium. 
Because cell edema occurs with acute myocardial ischemia and de- 
creases the X-ray attenuation coefficients (tissue density) of myocardium, 
computerized tomographic images were used to quantitate the effect of 
hyperosmotic mannitol on ischemia-induced edema. Canine hearts were 
arrested and scanned after (1) temporary occlusion of the proximal cir- 
cumflex artery followed by reflow of blood, or (2) continued occlusion of 
the distal left anterior descending coronary artery. X-ray attenuation values 
(Hounsfield units) were linearly related to tissue wet/dry weight ratios 
(r — 0.87, P «0.001). After 2 hours of occlusion of the left anterior de- 
scending coronary artery the hearts that received mannitol manifested 
a significant reduction (P «0.05) in the volume of left ventricular wall 
involved with edema. Although the area of edema measured with com- 
puterized tomography tended to be smaller in the hearts treated with 
mannitol than in untreated hearts subjected to a 6 hour occlusion of the 
left anterior descending coronary artery, the size of the lesion was variable 
and did not differ significantly from that in untreated hearts. With either 
short periods of circumflex arterial occlusion followed by blood reflow, 
or with 2 or 6 hours of prolonged occlusion of the left anterior descending 
coronary artery, the difference in mean attenuation coefficients between 
the ischemic and nonischemic areas of myocardium in mannitol-treated 
and untreated hearts was significantly less. 

These results indicate that computerized tomography in the arrested 
heart can detect and quantitate the lesion of early acute myocardial 
ischemia and can quantitate the effect of drug intervention. 


Computerized tomography is a relatively new radiologic technique for 
imaging cross-sectional anatomy. This method has been successfully 
used for imaging of cardiac structures! and pericardial effusions’ as 
well as noncardiac structures. The computerized tomographic picture 
is a map of tissue densities, represented mathematically as a matrix of 
X-ray attenuation coefficients, and it is possible with use of this map 
to detect differences of 0.5 percent between small adjacent points of the 
matrix of the scan.? This high degree of contrast resolution permits 
differentiation of edematous and normal tissue. 

Although the major emphasis today in the treatment of acute ischemic 
heart disease is on the detection and subsequent amelioration of acute 
ischemia associated with myocardial infarction, there is no entirely 
satisfactory biochemical or electrocardiographic means of quantitating 
the extent and severity of ischemia. Thus, it is difficult to evaluate the 
effect of various therapeutic interventions intended to decrease the se- 
verity of this precursor of eventual myocardial necrosis.? Previous 
work!9-!^ has demonstrated that computerized tomography can detect 
edema that occurs with acute myocardial ischemia. The lesion of edema 


appears as a region of decreased X-ray attenuation 
coefficients compared with those of normal myocar- 
dium.!? 

Previous work from our laboratory!9:!7 documented 
that intracell edema occurs with acute myocardial 
ischemia in dogs. The extent of such edema during the 
early ischemic process correlates with the extent of 
eventual myocardial necrosis.!? Elevation of the ex- 
tracell osmolality with an agent that remains mostly 
extracellular in a canine model of total interruption of 
blood flow followed by blood reflow is capable of re- 
ducing the extent of cell swelling and of bringing about 
a parallel reduction in the extent of eventual cell ne- 
crosis.16-15 

Although hyperosmotic mannitol has not been shown 
to reduce the area of eventual necrosis!? in other canine 
models of ischemia, we chose this agent for our study 
because it has been documented to reduce cell swelling 
early in ischemia.!9-1? We used it in this study as an 
intervention to examine the effectiveness of comput- 
erized tomography in detecting a possible change in 
edema during early myocardial ischemia. 

'Thus, in this study we attempted to test the sensi- 
tivity of computerized tomography in assessing changes 
in the amount and degree of ischemia in the heart. 
Specifically, we examined the ability of this procedure 
to quantitate the extent and severity of edema associ- 
ated with acute ischemia with and without elevation of 
the extracell osmolality with hyperosmotic mannitol. 
Our studies were performed using a model of total in- 
terruption of blood flow to a region of the canine heart 
followed by blood reflow and a model of low flow myo- 
cardial ischemia. 


Methods 


Computerized tomography scans: These scans were 
performed with an EMI cranial scanning unit (EMI, Ltd., 
Hayes, Middlesex, England). The characteristics of this 
scanning unit have been described elsewhere.??-?? Each point 
in the matrix (160 by 160) of the scan represents a block of 
tissue 1.5 by 1.5 by 8 mm and is projected with a 10 level gray 
scale image with black corresponding to the lowest density of 
X-ray attenuation and white to the highest density. The nu- 
merical values corresponding to each of these blocks of tissue 
(attenuation coefficients or Hounsfield units) are scaled rel- 
ative to water, with water arbitrarily having a value of 0, bone 
+500 and air —500. 

Experimental protocol: In 18 dogs, after thoracotomy, a 
reversible snare was placed around the proximal circumflex 
branch of the left coronary artery within 2 cm of its origin. In 
10 of these dogs, the proximal circumflex artery was subjected 
to occlusion with the snare for 45 minutes followed by 15 
minutes of reflow of blood. In the remaining eight dogs, oc- 
clusion for 60 minutes was followed by 45 minutes of reflow. 
In this dog model, arterial occlusion associated with tightening 
of the snare produces complete and reproducible interruption 
of blood flow to the tip of the posterior papillary muscle.?42^ 
In each experimental protocol, half of the animal group re- 
ceived hyperosmotic mannitol (12.5 g/50 cc) intravenously for 
30 minutes (15.3 cc/min for 15 minutes and 7.6 cc/min for 15 
minutes) with a Harvard infusion withdrawal pump (model 
600-000), and half received a control saline infusion for the 
same period of time. These infusions were begun 15 minutes 


before release of the arterial occlusion and continued through 
the first 15 minutes of reflow of blood to elevate the serum 
osmolality early during the reflow period.!? After the reflow 
period, each heart was arrested, removed from the thorax and 
scanned after contrast enhancement of the cardiac chambers 
with 30 percent meglumine diatrizoate (Reno-M-dip$, Squibb 
Laboratories).9.11.1? 

In 21 additional hearts, after thoracotomy, the left anterior 
descending coronary artery was ligated one third of the dis- 
tance from its origin to the apex. In each heart the major col- 
lateral arteries to the distribution of the ligated left anterior 
descending coronary artery were also ligated. In one group of 
four dogs the heart was scanned after removal from the thorax 
after 90 minutes of coronary occlusion. In a second group of 
nine dogs, five received hyperosmotic mannitol as described 
between 90 and 120 minutes of occlusion, and four received 
a contro! saline infusion. After 120 minutes of coronary oc- 
clusion the hearts in these nine dogs were then removed from 
the thorax and scanned. In a third group of eight dogs, four 
received hyperosmotic mannitol intravenously at 7.6 cc/min 
for 60 minutes between the 3rd and 4th hours of occlusion, and 
four received a control saline infusion. After 6 hours of arterial 
occlusion the hearts of these eight dogs were then removed 
from the thorax and scanned. In all of these experiments the 
investigator performing the surgery did not know which hearts 
would receive mannitol. 

Analysis of anatomic sections and tomographic scans: 
After computerized tomographic scanning, each heart was 
sliced manually into 8 mm transverse sections approximately 
corresponding to the plane of the tomographic scan. Each 
anatomic section of the heart was compared with the corre- 
sponding scan to verify structural identification (Fig. 1, top). 
Because the model of the circumflex arterial occlusion results 
in reproducible ischemia at the tip of the posterior papillary 
muscle, wet/dry weight ratios were determined for the tips of 
the ischemic posterior papillary muscles and for the control 
nonischemic anterior papillary muscles. In the hearts that 
underwent ligation of the left anterior descending coronary 
artery and major collateral vessels, the ischemic area of the 
sliced specimen was identified from the scan, and the corre- 
sponding transmural section of myocardium was obtained for 
wet/dry weight ratios. A control nonischemic area of myo- 
cardium was obtained from the opposite wall of the heart. 
Precise localization of the lesion in the cut specimen was more 
difficult in the hearts with ligation of the left anterior de- 
scending coronary artery. The muscle to be weighed was 
blotted on wax paper to remove excess blood, and the wet and 
dry weights were determined as previously described.!! 

The numerical printout (Fig. 1, bottom) of the scan 
matching each anatomic section from which the samples were 
taken was used for analysis of attenuation values. The endo- 
cardial and epicardial surfaces were outlined on these print- 
outs. Regions corresponding to the papillary muscles and the 
underlying mid myocardium and epicardium were outlined 
as shown by the labeled hatched areas in Figure 1. The mean 
attenuation coefficient (in Hounsfield units) of the numbers 
within each area was determined. Matrix elements on the 
borders between ventricular cavity arid endocardium, as well 
as those between Ringer's lactate and epicardium, were ex- 
cluded because individual attenuation values are altered if the 
tissue they represent fails to occupy the full 1.5 by 1.5 by 8.0 
mm? volume of any matrix element. This is known as the 
partial volume phenomenon.?6 

Statistical analysis: Mean tomographic scan numbers and 
wet/dry weight ratios (expressed as percent water) for each 
sample were compared using linear regression analysis.?/ For 
each protocol the differences between the mean tomographic 
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scan numbers of the ischemic and nonischemic areas of hearts 
and the extent of left ventricular wall involvement with and 
without mannitol intervention were compared using Student’s 
t test. Where confidence limits are indicated, they always refer 
to the standard error of the mean. Probability (P) values were 
based on the single tailed t test. 


Results 


Attenuation coefficients of myocardium from all 
39 hearts as a function of percent water content 
(Fig. 2): The data are from areas of ischemic and non- 
ischemic myocardium, both with and without hy- 
perosmotic mannitol administration. As can be seen, a 
linear correlation is present whether or not extracell 
osmolality was elevated with mannitol. The best fit re- 
gression line without mannitol was not significantly 
different from that obtained with the administration 
of mannitol. 

Extent of left ventricular wall involved: The 
ischemic lesion was defined as consisting of tomographic 
scan numbers of less than 25, a value greater than 2 
standard deviations below the average tomographic scan 
value of normal myocardium (28.4 + 1.6 standard de- 
viation).!? The results of evaluating the extent of left 
ventricular wall involvement by edema associated with 
myocardial ischemia (the percent of attenuation coef- 


Anterior 
Papillary Muscle 


Normal Myocardium 





Edematous Posterior 
Papillary Muscle 


Numerical Representation of Density 


of Non Ischemic Anterior Papillary Muscle» 


eed. oe Fat š SIRS Lt 
PIS 


r 


* ` ` ` 
"1 Ss 
E Si - "EOS 





Numerical Representation of Density 


Posterior 
Papillary Muscle 


ficients with a value of less than 25) for the experiments 
with 45 minutes of circumflex arterial occlusion followed 
by 15 minutes of reflow of blood are shown in Figure 3. 
Figure 3 shows the data from five hearts that did not 
receive mannitol and from five additional hearts that 
received mannitol during the last 15 minutes of occlu- 
sion and the first 15 minutes of reflow of blood. Withifi*e 
each group of experiments, there is variability of the 
extent of wall involvement. Three hearts that did not 
receive mannitol had a lesion in more than 30 percent 
of the left ventricular wall, and only one heart, given 
mannitol had a lesion involving more than 30 percent 
of the left ventricular wall; this difference was not sta- 
tistically significant (Table IA). Similarly, the extent 
of left ventricular wall involvement with attenuation 
coefficients of less than 25 was not significantly altered 
by the administration of hyperosmotic mannitol in the 
experiments with 60 minutes of circumflex arterial oc- 
clusion followed by 45 minutes of reflow (Table IB). In 
the model of left anterior descending coronary arterial 
occlusion, hyperosmotic mannitol resulted in a signifi- 
cant reduction (P <0.05) in the extent of left ventricular 
wall involvement after 120 minutes of arterial occlusion 
(‘Table IIA). Although the hearts given mannitol had a 
mean reduction in the extent of wall involvement in the 
experiments with 6 hours of arterial occlusion, the re- 
duction was not significant (Table IIB). 





FIGURE 1. Upper left, a representative scan of a 
heart obtained after 60 minutes of occlusion of the 
proximal circumflex coronary artery and 45 minutes 
of reflow of blood. Note the area of decreased density 
in the region of the posterior papillary muscle and 
surrounding myocardium. Upper right, a subsequently 
obtained anatomic section of the heart corresponding 
to the scan. Bottom, a numerical printout of attenu- 
ation coefficients (in Hounsfield units) obtained with 
a single scan of the heart. See text for details. LV = 


A Density 


of Ischemic Posterior Papillary Muscle left ventricle; RV — right ventricle. 
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Effect of hyperosmotic mannitol on ischemia: The 
evaluation of the mean tomographic scan numbers of 
the ischemic and nonischemic areas of the hearts re- 
vealed that administration of hyperosmotic mannitol 
ameliorated the change in attenuation coefficient pro- 
duced by ischemia in the experiment with 45 minutes 
€ occlusion and 15 minutes of reflow (Table IA) and in 
both prolonged arterial occlusion protocols (Table II). 
However, in the severely ischemic model, which in- 
volved 60 minutes of proximal circumflex arterial oc- 
clusion followed by 45 minutes of reflow, the difference 
in attenuation coefficients between the ischemic and 
nonischemic papillary muscles was not narrowed by the 
administration of hyperosmotic mannitol (Table IB). 

In the experiments with occlusion of the left anterior 
descending coronary artery, a lesion of decreased den- 
sity was consistently seen in the anteroseptal region of 
the myocardium (Fig. 4). The administration of hy- 
perosmotic-mannitol narrowed the difference in at- 
tenuation coefficients between the ischemic antero- 
septal region and the nonischemic posterior wall region 
(Fig. 5). This was accomplished with the administration 
of mannitol between 90 and 120 minutes after the onset 
of occlusion in those hearts that were scanned after 120 
minutes of occlusion (Table IIA). Narrowing of the 
difference in attenuation coefficients was achieved with 
administration of mannitol between 3 and 4 hours after 
the onset of occlusion in those hearts that were subse- 
quently scanned after 6 hours of occlusion (Table 
IIB). 

Serum osmolality: Both the occlusion and reflow 
protocols were associated with a mean elevation of 
serum osmolality of 44 mOsm/liter (from 303 + 2 to 347 
+ 2 mOsm/liter in the 45 minute occlusion, 15 minute 
reflow experiments, and from 293 + 6 to 337 + 5 
mOsm/liter in the 60 minute occlusion, 45 minute reflow 
experiments). In the experiments with left anterior 
descending coronary arterial ligation, the osmolality 
elevations were 30 and 27 mOsm/liter in the two pro- 
tocols (from 316 + 7 to 346 + 4 in the 120 minute oc- 
clusion experiments and from 306 + 5 to 333 + 4) at the 
end of the 4th hour of the 6 hour occlusion experiments. 


FIGURE 3. The extent of left ventricular wall involvement 
by ischemia, as measured by the percent of attenuation 


coefficients with values of less than 25 Hounsfield units. E LEFT 
Left, results from five hearts that underwent 45 minutes WALL 
of occlusion of the left circumflex artery followed by 15 INVOLVED 


minutes of reflow of blood without the administration of 
hyperosmotic mannitol. Right, results from five additional 
hearts using the same protocol but with the administration 
of hyperosmotic mannitol during the reflow period. Note 
that it is possible to quantitate the extent of left ventricular 
wall involvement with an edematous lesion of lower 
density. 
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FIGURE 2. Density of X-ray attenuation coefficients (in Hounsfield units) — 
plotted as a function of percent water of the myocardium. Note the linear 
correlation between density and water content. The scatter of the data - 
may be related to difficulty in matching the precise location of each area 
of interest in the scan with the corresponding area of the heart speci- 
men. See text for details. P — probability; r — correlation coeffi- 
cient. 


In the 6 hour occlusion experiments, the osmolality was 
still elevated at 323 + 10 mOsm/liter at the 6th hour. 


Discussion 


Myocardial edema on computerized tomography 
as a reflection of ischemia: The data indicate that 
computerized tomography can assess the extent and 
severity of an acute ischemic process and has potential 
for evaluating the effect of a drug intervention. With 
computerized tomography providing a quantitative 
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TABLE | 


X-Ray Attenuation Coefficients of Hearts Undergoing Circumflex Artery Occlusion and Reflow 


Extent LV Involved 


Severity of Edema 
(Hounsfield units) 





Intervention (%) Control APM Ischemic PPM A 
A. 45 Minute Circumflex Arterial Occlusion, 15 Minute Reflow "~ 
Saline 28.3 + 3.3 28.0 + 0.8 20.7 + 1.0 7.3 X 1.3 
solution NS P «0.025 
Mannitol 23.4 t 7.9 29.9 + 0.6 26.7 + 1.3 3.2 + 1.2 
B. 60 Minute Circumflex Arterial Occlusion, 45 Minute Reflow 
Saline 27.0+ 4.1 28.2 + 1.2 20.9+ 0.2 7.3 c 1.3 
solution NS NS 
Mannitol 18.7 £ 5.8 29.6 + 0.6 21.9 € 7.0 7.8 t 0.9 


APM = anterior papillary muscle; A = difference between control and ischemic values with each intervention. LV — left ventricle; NS — not 
Statistically significant at the probability (P) «0.05 level; PPM = posterior papillary muscle. 


index of density changes, the effect of hyperosmotic 
mannitol on the edema associated with acute myocar- 
dial ischemia was imaged and measured. The differ- 
ences in attenuation coefficients were small after ad- 
ministration of hyperosmotic mannitol. However, the 
technique does appear to possess the potential of 
quantitating the severity of edema in segments of 
ischemic myocardium. 

Under conditions in which coronary blood flow is 
interrupted for a brief period and then reinstated or in 
the situation of low flow myocardial ischemia, elevation 
of the extracell osmolality with the administration of 
mannitol is capable of reducing the severity of edema 
detected with computerized tomography. It is likely that 
the severity and extent of the edematous lesion, early 
during acute myocardial ischemia, have prognostic 
significance. Previous work has demonstrated that the 
extent of eventual cell necrosis in areas of ischemic 
myocardium correlates with the numbers of cells with 
histologic evidence of intracell water accumulation early 
during the ischemic process.!6 Computerized tomog- 
raphy quantitates only total water present in ischemic 
myocardium rather than providing a differential 
quantitation of intracell versus extracell distribution 


TABLE Il 


of water. However, the work of Whalen et al.,28 who used 
the same occlusion and reflow model used in our study, 
suggests that most of the water gain in acutely ischemic 
myocardium is intracellular. Our previous studies, 7.18 
again using the same experimental model, demon- 
strated that the reduction of intracell water gain with 
hyperosmotic mannitol administered in the presence 
of acute ischemia is associated with a parallel reduction 
in the extent of eventual myocardial necrosis. Thus, 
when the data from all of these studies are combined, 
the use of computerized tomography to quantitate the 
acute reduction of myocardial edema associated with 
ischemia appear to provide a method of evaluating 
ischemic myocardium that is potentially of prognostic 
relevance. 

Our data support the conclusion that computerized 
tomographic numbers reflect changes in tissue water 
because they are linear over a wide range of wet/dry 
weight ratios. This linear relation is not significantly 
altered by the administration of hyperosmotic mannitol. 
It is as yet unknown whether other effects may con- 
tribute to a reduction in the attenuation coefficients of 
the ischemic area in addition to the established effect 
of tissue edema. 


X-Ray Attenuation of Hearts Undergoing Permanent Occlusion of the Left Anterior Descending Coronary Artery (LAD) 


Extent LV Involved 


Severity of Edema 
(Hounsfield units) 





Intervention (96) Control PLV Ischemic ALV A 
A. 120 Minute LAD and Major Collateral Occlusion 
Saline 11.5 + 6.7 29.4 + 0.5 25:7 = 0.7 3.7+ 0.2 
solution P «0.05 P «0.005 
Mannitol 7.7 d: 1.6 27.6 t 0.5 24.9 1-0.5 - 2.7 101 
j B. 6 Hour LAD and Major Collateral Occlusion 
Saline 15.2 + 2.5 28.2 + 0.5 23.8 + 1.0 4.4007 
solution NS P «0.02 
Mannitol 11.7423 29.2+0.5 27.9 + 0.7 1.3 + 0.8 








ALV = anterior left ventricle; LV = left ventricle; NS = not Significant at the probability (P) <0.05 level; PLV = posterior left ventricle. 
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Effect of hyperosmotic mannitol on intracell to the removal of more water from the ischemic area 
water and myocardial ischemia: The use of com- than from the nonischemic area or, alternatively, that 
puterized tomography to quantitate the effect of hy- it is related in part to a direct effect on the perfusion í 
perosmotic mannitol on edema in acutely ischemic deficit with a secondary relief of tissue edema due to 
myocardium will most likely underestimate rather than enhanced blood flow to the ischemic area.! ^?? 
overestimate the extent of eventual salvage. In this Clinical implications: The current study was carried 

study, the administration of hyperosmotic mannitol out under optimal imaging conditions with arrested 


diminished significantly the severity of edema in the 
posterior papillary muscle after 45 minutes of occlusion 
of the proximal circumflex artery and 15 minutes of 
reflow of blood. However, it was not possible to detect ae Tx. 32s E 




















with computerized tomography an effect of hyperos- A 
motic mannitol on the edematous process after a more MANNITOL 
severe insult of 60 minutes of arterial occlusion followed DU 
by 45 minutes of reflow of blood. Our previous study," $g4 
using the same protocols to produce myocardial isch- S$ d 
emia, demonstrated that intracell water accumulation, S $ | 
determined from histologic assessment of sarcolemmal BS3 | 
elevation, was reduced with either of the two durations $ È : 
of arterial occlusion and that the extent of eventual NE: $ | 
necrosis was reduced in parallel. It is possible that a Es e | 
relatively modest reduction in intracell fluid may be Š - | 
associated with a substantial enhancement of eventual & È oo FOS E | 
myocardial salvage. Furthermore, reactive hyperemia NS! tes 
may lessen the difference in attenuation coefficient 
between ischemic and nonischemic myocardium, be- | | 
cause blood has the same attenuation coefficient as = ^ LET S AB 
nonischemic heart muscle. Whatever the mechanism, AL 
it appears unlikely that quantitation of the reduction ae 
of edema in acutely ischemic myocardium with com- i 
puterized tomography will result in an inflated estimate 4|- 
of the extent of eventual myocardial salvage. $ 

Our finding that the administration of hyperosmotic 
mannitol can diminish the density difference (and the 3r 


wet/dry weight ratio difference) between the ischemic 
and the control nonischemic areas of myocardium 
suggests that mannitol has an effect that is greater in 
ischemic than in nonischemic myocardium. The 
mechanism for the augmented effect remains to be de- 
termined. It is possible that this augmentation is related 
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FIGURE 5. Effect of mannitol. A, difference in density (Hounsfield units) 
between the ischemic anteroseptal region of myocardium and the 
normal posterior myocardium in hearts that underwent permanent li- 
gation of the left anterior descending coronary artery (LAD) and its major 
collateral vessels as a function of time. Each point on the graph rep- 
resents data collected from a group of four or five hearts. Note that the 
administration of mannitol for 30 minutes during occlusion decreased 
the difference in density between ischemic and normal myocardium 
(closed circles) compared with that of a control group of animals (open 
circles) (P <0.003). B, difference in density (Hounsfield units) between 
ischemic anterior myocardium and control posterior myocardium in four 
different groups of four to five dogs each as a function of time. Note that 
Post er | or the administration of hyperosmotic mannitol between the 3rd and 4th 
hours ef permanent occlusion of the left anterior descending coronary 
FIGURE 4. Tomographic scan of a heart after 6 hours of permanent artery and its major collateral vessels resulted at the 6th hour of oc- 
ligation of the left anterior descending coronary artery and its major clusion in a significant (P <0.02) decrease in the density difference. 
e collateral vessels. Note the lesion of decreased density in the antero- Data from hearts not receiving mannitol are depicted as open circles. 
septal region of the heart. LV = left ventricle; RV = right ventricle. Data from hearts receiving mannitol are depicted as closed circles. 
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hearts. The degree of resolution in our study cannot 
currently be obtained with beating hearts, although 
_ progress is being made in defining cardiac structures in 
the intact human heart with the use of gating.®°.3! Our 
study does demonstrate that with these limitations, a 
currently commercially available device for computer- 
ized tomography can detect the edematous lesion as- 
sociated with acute myocardial ischemia and can 


quantitate the effect of an intervention administered 
to reduce intracell edema. 
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During 20 years of follow-up of 5,127 men and women initially free of 
coronary heart disease in the Framingham cohort, 193 men and 53 women 
had one or more recognized, symptomatic myocardial infarctions. An 
additional 45 men and 28 women had unrecognized myocardial infarc- 
tions. Subsequent mortality and morbidity including angina, reinfarction, 
congestive failure and sudden death were ascertained. 

One in five men who had a first myocardial infarction died within 1 year, 
a mortality rate 14 times that of those free of coronary heart disease. In 
men who survived the 1st year, a recognized myocardial infarction in- 
creased risk of death over the next 5 years to 23 percent, four times that 
of the general population. The next 5 years carried a 25 percent mortality 
(three times that of the general population). The prognosis was distinctly 
worse in women than in men chiefly because of a higher (45 percent) early 
mortality rate in women. Patients with recognized and unrecognized 
myocardial infarctions had similar survival rates after 3 years. 

A second myocardial infarction occurred in 13 percent of the men and 
in 40 percent of the women within 5 years of the first infarction. Thus, 
women were more prone to death and reinfarction than men. Congestive 
heart failure occurred as commonly as reinfarction, affliction 14 percent 
of the men within 5 years of the initial infarction. Once congestive failure 
ensued, half of the affected patients were dead within 5 years. Angina 
developed in one third of the patients within 5 years of their first infarc- 
tion. 


It is well known that the clinical manifestations of coronary heart disease 
are followed by high levels of morbidity and mortality. The poor prog- 
nosis after a myocardial infarction was documented using life tables 
based on 20 years of follow-up of the Framingham cohort. The prognosis 
of those who had one or more myocardial infarctions was compared with 
that of subjects without clinical evidence of coronary heart disease. The 
study included all persons in the cohort who had a myocardial infarction 
in the study period, including persons with an unrecognized infarction 
and those not under medical care. The study also carefully documented 
all subsequent cases of angina pectoris, recurrent infarction, congestive 
heart failure, cerebrovascular accident and death. Thus, a complete 
description of the cardiovascular morbidity and total mortality after all 
myocardial infarctions occurring in the study period was obtained. 


Methods 


Study Cohort 

The Framingham Study: This study, initiated in 1948, followed up a cohort 
of 2,336 men and 2,873 women aged 30 to 62 years at their first examination. 
Participants were recalled and reexamined every 2 years thereafter. The routine 
biennial cardiovascular examinations included a cardiovascular history and 
physical examination, blood lipid and glucose examinations, measurements of 
body weight and vital capacity, a chest X-ray film and a 12 lead electrocardio- 
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gram. Cardiovascular morbidity and mortality were docu- 
mented from the routine biennial examinations, hospital 
records, death certificates and statements of next of kin. The 
criteria for each clinical manifestation of coronary heart dis- 
ease have been published in detail elsewhere. ! 

Diagnosis of myocardial infarction: A recent or acute 
myocardial infarction was diagnosed on the basis of serial 
electrocardiographic changes consisting of S-T segment ele- 
vation associated with terminal inversion of T waves and de- 
velopment of pathologic Q waves of at least 0.04 second’s 
duration, followed by reversion toward normal. An old myo- 
cardial infarction was diagnosed when the electrocardiogram 
exhibited a stable pattern including pathologic Q waves or loss 
of QRS potential in those leads where this pattern would 
otherwise not be expected to occur. 

An interim myocardial infarction was diagnosed when 
electrocardiographic changes was characterized by the new 
appearance of pathologic Q waves or loss of R wave potential, 
particularly when accompanied by S-T and T wave abnor- 
malities. 

Beginning in 1956 a rise in serum glutamic oxaloacetic 
transaminase (SGOT) of at least 60 units along with a history 
of prolonged chest pain was accepted as sufficient evidence 
of infarction. Subsequent to 1962 pathologic elevation of lactic 
dehydrogenase (LDH) greater than 500 units was added. With 
a later change in laboratory techniques serum glutamic ox- 
aloacetic transaminase (SGOT) was designated abnormal at 
50 and LDH at 200 units. 

An autopsy report showing an acute, recent infarction was 
also accepted as evidence of an interim myocardial infarction. 
Because it is not possible to date an old myocardial infarction 
found at autopsy such evidence was not used. Autopsy was 
performed in approximately 30 percent of the subjects who 
died. 

A myocardial infarction was considered recognized if 
clinical symptoms brought the condition to the attention of 
a physician who then made a diagnosis. An infarction was 
considered unrecognized when it had not been accompanied 
by clinical symptoms that caused the subject to seek exami- 
nation, and the diagnosis was not made until a routine biennial 
electrocardiographic examination at the Framingham Study 
clinic was performed. 

Follow-up: The follow-up in relation to mortality was ex- 
cellent, with less than 2 percent of deaths completely unac- 
counted for. The follow-up for clinical events as determined 
in the routine clinic examinations was less complete. The re- 
sponse rate for each clinic examination was about 85 per- 
cent. 


Life Table Analysis 


Each subject entered the population at risk when he 
or she was first defined by the uniform criteria to have 
had a myocardial infarction, recognized or unrecog- 
nized. These events occurred between October 1950 and 
October 1970. From the time of onset of the myocardial 
infarction each person was then followed up to the 11th 
biennial examination or to death. 

For fixed time intervals it was determined whether 
the person was alive at the beginning of that interval or 
whether he or she had died or was excluded because of 
termination of follow-up. There was no category for 
"lost to follow-up" because with a loss rate of less than 
2 percent it was assumed that death and disease infor- 
mation was determined for all participants. 

Life tables are presented in yearly intervals and for 
a 30 day interval immediately after the myocardial in- 
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farction. In addition to the usual interval and cumula- 
tive survival rates, relative survival and morbidity ratios 
were calculated. These ratios provide a measure of 
survival or morbidity relative to a standard population, 
that is, the entire Framingham cohort free of myocardial 
infarction. Details of the procedure for computation 
each column of the life tables are presented else- 
where. ! 


Results 


In the 20 years after their first examination, 21 per- 
cent of the men and 11 percent of the women in the co- 
hort had a clinical manifestation of coronary heart 
disease. The disease was more likely to present as a 
coronary “attack” in men than in women, in whom an- 
gina was more likely to be the first manifestation (Table 
I). During the follow-up period, 193 men and 53 women 
had their first recognized symptomatic myocardial in- 
farction and were eligible for prognostic follow-up. 
Under similar follow-up requirements, 45 men and 28 
women had an unrecognized myocardial infarction de- 
tected chiefly on a routine biennial electrocardiographic 
examination. About half of these infarctions were silent, 
and the rest were so atypical that neither the victims nor 
their physicians suspected the diagnosis.2 Thus, 19 
percent of the infarctions in men and 85 percent in 
women were unrecognized. Less than 4 percent of un- 
recognized myocardial infarctions in the cohort were 
discovered at autopsy. 


Mortality 


The data from the Framingham cohort on the prog- 
nosis after the onset of first myocardial infarction suffer 
from the disadvantage of the small number of morbid 
and lethal events, resulting in large confidence intervals 
around the estimated rates. However, these data have 
the unique advantage of being derived from a repre- 
sentative population sample and of having all other 
cardiovascular sequelae systematically documented 
during the subsequent fairly complete follow-up. 

Early and late mortality: For subjects who had a 
demonstrated myocardial infarction the early mortality 
rate (that is within 30 days) was 16 percent for men and 
28 percent for women. After this early period, the rate 
decreased so that the average annual death rate was 5 
percent for men and 7 percent for women (Table II). 

Mortality in the first 30 days after a myocardial in- 
farction would be even greater if sudden deaths were 
included on the grounds that many such deaths are 
caused by lethal evolving infarctions. For men aged 30 
to 79 years this early mortality rate was 38 percent; for 
women it was even higher, 47 percent. This risk of death 
is 305 and 400 times (for men and women, respectively) 
that of an age-matched population. 

Men versus women: Although women had fewer 
first myocardial infarctions than men, they fared less 
well than men after infarction. The poorer prognosis in 
women was due entirely to a higher early mortality rate. 
This would be true even if the sudden deaths were ex- 
cluded from consideration. After 1 year the subsequent 
mortality trends were essentially parallel in the two 
sexes. 
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Cases of Coronary Heart Disease First Presenting as = ^ 
A : < ; 
Angina Pectoris (20 year follow-up) 5 N. AP (men) 
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Women 39 id 2 3 4 5 6 Y. 8 9 10 

35-44 yr EA Ps (i. DAYS 
45-54 yr 
55 64 " 142 83 58.4 YEARS FOLLOWING INFARCTION 
65-74 yr 86 40 46.5 FIGURE 1. Survival after myocardial infarction (MI) and angina pectoris 
Total 294 159 54.1 (AP) relative to that of age-matched persons without a myocardial in- 


farction or angina pectoris. The data are based on a 20 year follow-up 
of men and women in the Framingham Study aged 35 to 80 years at the 
onset of the disease. 


AP — angina pectoris; CHD — coronary heart disease. 


Recognized versus unrecognized infarction: The 








operational definitions of recognized and unrecognized Early versus later mortality: Framingham data 
myocardial infarction make comparisons of prognosis indicate that when a man in the general population has 
difficult. An unrecognized myocardial infarction was his first recognized myocardial infarction, his chance - 
one discovered on the routine biennial examination, the of dying in the Ist year is 19 percent. This high early 
infarction having occurred at some point in the pre- mortality rate includes deaths in the hospital and pos- 
ceding 2 years. In contrast, the recognized infarction was sibly some prehospital mortality. If those deaths cate- 
detected precisely at its onset by virtue of symptoms gorized as sudden are included, the first year mortality 
that brought the patient to medical care. rate would escalate to more than 35 percent. If the vic- 

For men, recognized and unrecognized* myocardial tim of an infarction survives the Ist year then his 
infarctions carry similar survival rates after 3 years if chances of dying are about 5 percent/year thereafter for 
the early mortality in the acute phase of recognized the next 10 years. 
myocardial infarction is included (Fig. 1). However, if Survival after a myocardial infarction, excluding the 
the two are placed on an equal footing at 1 year after the acute phase, appears to be influenced by the electro- 
infarction, then unrecognized myocardial infarctions cardiographic location of the infarct. In the Framing- 
actually appear to carry a more serious prognosis, al- ham study, patients with an anteriorly located myo- 
though these rates were not statistically different. cardial infarction had a lower survival rate than patients — 

with an inferior infarction (Table III). 

* An unrecognized myocardial infarction can only be diagnosed on Morbidity | 
return visit to the clinic for an electrocardiographic examination (average : I ET. | 
about 1 year after it has occurred). This automatically requires survival Angina: Angina was more often initiated by a myo- | 
for 1 year. , cardial infarction in men than in women. Fully 43 per- | 
TABLE Il 
Risk of Death After Recognized Myocardial Infarction* 

Men Women 
Cumulative Cumulative 
% Dying Factor of % Dying Factor of 
Time After After Attack Increased After Attack Increased 
Initial Infarction (crude rate) Risk (crude rate) Risk 
30 days 16 155 28 309 
1 yr 19 14 34 34 
2 yr 22 8 38 17 
3 yr 26 7 40 12 
4 yr 31 6 48 10 > 
5 yr 36 6 51 10 
6 yr 38 5 54 8 
Average annual mortality 
rate between years 1 and 6. 5.1% 7.0% 


* Recognized myocardial infarction = myocardial infarction diagnosed from the electrocardiogram from history and elevated serum enzyme 
levels. 
t Age-adjusted. 
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TABLE Ill 


Site of Infarction and 5 Year Mortality After 
Electrocardiographically Recognized Myocardial Infarction 
(20 year follow-up) 





Mortality 
ECG Ratio 
Site of MI Deaths (no.) Observed/ 
Infarction (no.) Observed Expected Expected* 
Anterior 68 24 16.9 1.42 
Inferior 83 18 25.1 0.72 
Total 151 42 42.0 


* Probability (P) = <0.05. 
ECG = electrocardiographic; MI = myocardial infarction. 


cent of angina in men originated with a myocardial in- 
farction (Fig. 2). In contrast, 80 percent of angina in 
women was not infarct-related. An examination of the 
clinical expression of coronary heart disease in the 
general population reveals that in men 70 percent of the 
disease is manifested as a coronary attack, whereas in 
women only 46 percent is so manifested (Table I). The 
predominant clinical manifestation in women is angina 
pectoris. 

After a myocardial infarction 16 percent of men had 
angina by 1 year. Every year thereafter, for the next 5 
years, the incidence increased at a rate of 5 percent/year 
so that one third had angina by the end of 5 years (Table 
IV). However, if those who had angina before their in- 
farction are included, at least half of all patients with 
an infarction were found to have angina. 

It has been claimed that angina may disappear after 
a myocardial infarction because the ischemic myocar- 
dium responsible for the pain becomes avascular scar 
tissue. This occurrence must be exceptional because the 
rate of disappearance of angina after infarction (17 
percent in men and in none of the women) was decidedly 
lower than the 30 percent spontaneous remission rate 
without intervening infarction.? 

Angina was much less common after an unrecognized 
myocardial infarction than after a symptomatic, typical 
myocardial infarction (Table V). This occurred in part 
because persons with angina seldom have an unrecog- 
nized infarction,? and hence are less likely to carry the 


TABLE IV 


Risk of Angina Pectoris After Recognized Myocardial 
Infarction (men 35 to 80 years) 





Cumulative Factor of 
Time After % With AP Increased 
Initia! Infarction After Infarction Risk 
(yr) (crude rate) (age-adjusted) 
1 16 23 
2 21 18 
3 27 15 
4 31 13 
5 33 11 
6 35 10 
Average annual morbidity 5.2% 


rate between 


years 1 and 6 
(Lb wa ost. EE EET b ZH CHEESE 
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MEN WOMEN 


33 96 





e Angina pectoris uncomplicated 
ik Angina pectoris contiguous with coronary attack 
Ec Angina pectoris following MI or CI 


FIGURE 2. Distribution of the occurrence of angina pectoris in a 20 year 
follow-up study of men and women aged 30 to 62 years at entry into 
the Framingham Study. Cl = coronary insufficiency; MI = myocardial 
infarction. 


angina from before the infarction, and in part because 
ischemia is less often expressed as pain in persons with 
an unrecognized. infarction. 

Because of the high early mortality rate in men, the 
survival rate after an infarction appeared to be worse 
than for angina (Fig. 1). After this early mortality, the 
trend in mortality over time was quite similar for men 
with angina and with myocardial infarction. Women 
with angina, however, fared distinctly better than either 
men or women with myocardial infarction, even if the 
early mortality was excluded. 

Recurrences of infarction: Second myocardial in- 
farctions were a common occurrence. As with mortality, 
women fared considerably worse than men. Within 5 
years a second myocardial infarction occurred in 13 
percent of men and 39 percent of women (Table VI). 
Thus, reinfarctions in women occurred at three times 
the rate in men. The average annual rate over the first 
5 years was about 2.9 percent for men and 9.6 percent 
for women. 

Cardiac failure: Congestive heart failure was about 
as common as reinfarction in those who sustained an 


TABLE V 


Proportion of Electrocardiographically Documented 
Myocardial Infarctions Followed by Angina Pectoris 

(22 year follow-up Framingham Study, men and women 30 
to 62 years on entry)* 








Subjects Subjects With MI 

With MI Followed by AP 
Infarction (no.) no. 96 
Unrecognized 98 18 18 
Recognized 190 113 59 
Total : 288 114 45 


* Eighty-nine subjects had prior angina pectoris or died and were e 
eliminated from consideration. 
AP = angina pectoris; MI = myocardial infarction. 


initial myocardial infarction, occurring in 14 percent of 
the cohort by 5 years. The average annual rate was 
about 2 percent/year (Table VII). Once cardiac failure 
ensued, half of the subjects with a first infarction were 
dead within 5 years.* 

Persistence of electrocardiographic signs of in- 

rection: Examination of the rate of persistence of 
electrocardiographic evidence of a myocardial infarction 
in relation to the electrocardiographic location of the 
infarction revealed that reversion to a strictly normal 
pattern was uncommon (4 percent). This was particu- 
larly true in older patients and in those with an anterior 
myocardial infarction. In a substantial proportion (21 
percent) of patients with an inferior myocardial in- 
farction the electrocardiogram did revert to normal even 
when the diagnosis was based on serial readings with the 
premorbid electrocardiogram routinely available. The 
latter is distinctly helpful in judging whether a past 
infarction has occurred because reversions to nondi- 
agnostic patterns were twice as common in independent 
as in serial readings. On serial readings electrocardio- 
graphic evidence of myocardial infarction was more apt 
to disappear after inferior (29 percent) than after an 
anterior (16 percent) myocardial infarction. Silent 
myocardial infarctions were as often anterior as infe- 
rior. 


Discussion 


In these days of more aggressive management of 
coronary heart disease there has been a resurgence of 
interest in its natural history. Relief of intractable an- 
gina has come to be an accepted indication for coronary 
bypass surgery. Some consideration is now being given 
to such surgery for selected cases of young persons with 
myocardial infarction and left main coronary arterial 
obstruction whether or not they are disabled by angina, 
in the hope of prolonging life and in order to prevent 
recurrence of infarction and angina pectoris. Although 
no substitute for a rigorously controlled trial, a detailed 
knowledge of the natural history of essentially untreated 
disease provides some standard of comparison. At- 
tempts to make such comparisons have often revealed 
that our knowledge of the natural history of myocardial 
infarction is inconsistent, fragmentary and inade- 
quate. 


TABLE VI 


Risk of Second Myocardial Infarction After First Recognized 
Myocardial Infarction (men and women 35 to 80 years) 


Cumulative 96 With 2nd MI 


Time After 
Initial Infarction (crude rate) 

(yr) Men Women 
1 4 11 
2 7 20 
3 9 23 
4 12 36 
5 13 39 

10 26 — 

* Average annual rate 2.9% 9.6% 


0 to 5 years 


Limitations of previous studies: Comparison of 
mortality figures and recurrence rates for myocardial 
infarction is difficult because the studies range from 
general population surveys to special hospital studies.? 
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Criteria for the recognition of a case also tend to vary — 


somewhat. Small sample size may provide poor esti- 
mates with broad confidence limits, and follow-up is 
often incomplete. Preexisting illness is sometimes not 


taken into account, and persons with multiple infarcts : 


are often included along with those experiencing their 
first infarct. Almost no study includes the silent or un- 
recognized myocardial infarction that constituted al- 
most one of four infarctions in the Framingham study. 
The age composition of the various samples studied 
often varies and most investigations do not include 
women.? | 

Early mortality rate after myocardial infarction: 
The data in the Framingham cohort are too sparse to 
provide reliable estimates of the incidence of sudden 
death after recovery from a myocardial infarction.? 


Hagstrom et al.? found that even in those who appear | 
to have made a good recovery, the risk of dying suddenly . 


Is about seven times that of the general population. 
The findings on the high early mortality after myo- 
cardial infarction are not unique to Framingham. 


Others/-19.11-13 have also found in selected samples that - 


the mortality is greatest in the 1st year, particularly in 
the first 6 months. Reported mortality in the 1st year 
ranges from 8 to 19 percent.^9.19.14-17 After the Ist year, 
mortality stabilizes at a considerably lower rate, often 
reported at 3 to 4 percent/year.9:10.17-27 

This early mortality probably reflects the damage 
sustained by the myocardium during the acute infarc- 
tion. Norris,!4 Luria?? and Beard? and their associates 
found the need for glycoside therapy was more common 
in patients who died within the 1st few months of in- 
farction. It would seem that infarct size and poor left 
ventricular performance are the chief determinants of 
the early mortality after recovery from an acute myo- 
cardial infarction. 

Implications of high early mortality rate: The 
high risk 6 month interval after recovery from a myo- 


TABLE VII 


Risk of Congestive Heart Failure (CHF) After Recognized 
Myocardial Infarction (men 35 to 80 years) 


Cumulative 
% With CHF Factor of 
After Increased 
Time After Infarction Risk 
Initial Infarction (crude rate) (age-adjustec) 
30 days 2 106 
1 yr 5 21 
2 yr 8 17 
3 yr 9 13 
4 yr 12 12 
5 yr 14 12 
10 yr 22 8 
Average annual morbidity 2.396 


rate over 30 days to 
10 years 
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cardial infarction would seem to be a time when anti- 
arrhythmic prophylaxis and surgical procedures might 
be considered for carefully selected persons. To date 
there are no controlled studies showing beneficial effects 
from this approach. However, better methods to iden- 
tify those at high risk of this early mortality after re- 
covery from a myocardial infarction are sorely needed. 
After 6 months to 1 year, when the mortality rates sta- 
bilize at the lower rate, such therapy prescribed in the 
early phase might well be discontinued. Confirming 
data derived from life insurance policy holders with 
proved myocardial infaractions, a study of patients 
admitted to the Massachusetts General Hospital?? also 
showed a mortality ratio of 350 percent. However, Si- 
gler?? pointed out that after surviving 10 years victims 
of myocardial infarction often surpass the average life 
expectancy. 

Late prognosis of initial myocardial infarction: 
A review by Lew?* of the prognosis of initial myocardial 
infarction in men in their late 40's and early 50's pro- 
vidies estimates of mortality after 90 days for those able 
to return to work. In the 5th year after the infarction a 
5- to 8-fold increased mortality can be expected for life 
insurance applicants; this figure is 7.5 to 12-fold for 
disabled policy holders, 5- to 8-fold for insurance com- 
pany employees: and 5- to 8-fold for employees in in- 
dustry. The excess mortality can be expected to de- 
crease with age at the time of infarction and the survival 
time since the infarction, especially after the first 1 or 
2 years. Five year survival rates were judged to vary 
widely depending on the sample: 50 to 77 percent for 
hospital clinic and private patients; 80 to 88 percent for 
applicants for life insurance. It is likely that in spite of 
the small numbers the Framingham cohort data provide 
estimates closer to the true prognosis because of the 
more representative sample, the inclusion of unrecog- 
nized infarctions, the exclusion of subjects with prior 
infarctions and the complete follow-up. 

Review of the mortality experience of patients with 
a healed myocardial infarction studied at autopsy re- 
vealed that only a third of such patients die of noncar- 
diac causes.?»?6 Sudden death accounts for 38 percent 
of the deaths. Congestive heart failure is responsible for 
27.5 percent of deaths due to cardiac causes and recur- 
rent myocardial infarction for 34.5 percent. 

Reported mortality rates after myocardial infarction 


are greater for women than for men in most, but not all, 
studies including both sexes.2^?? However, in most 
studies the difference was attributed to the occurrence 
of infarction at a later age in women than in men. The 
high immediate or early mortality in women has not 
previously been considered a factor in the difference. 

Recurrence rates after myocardial infarctioma 
The recurrence rates are even more uncertain than 
mortality rates. Friedberg!? pointed out that there is 
insufficient knowledge of the probability of subsequent 
attacks of myocardial infarctior to provide a control for 
any form of therapeutic intervention. Likoff et a].39 
reported a 48 percent recurrence rate in 5 years in 100 
patients. Half the recurrences developed within 1 year 
of the first infarction among the 54 patients who con- 
tinued to have angina. 

Employability after myocardial infarction: 
Judging by employment, mos: victims of myocardial 
infarction have little disability; about 85 percent con- 
tinue to be employed fully or partially. Prospects for full 
employment are best in the higher occupational cate- 
gories. About 27 percent of semi-skilled and unskilled 
persons will be out of work, often on advice from their 
physicians. In fact, half the unemployment after a 
myocardial infarction is the result of physician advice. 
A review of the problem suggests that 70 to 90 percent 
will be able to return to the same job.?^3? However, 
about a third will find that the myocardial infarction has 
affected their earnings and opportunity for advance- 
ment. The pessimistic predictions of patients about 
their prospects for employment are usually realized, and 
anticipated difficulties, often materialize. Blue collar 
workers return to full employment more slowly than the 
white collar group. 

Implications: The prognosis after a first myocardial 
infarction herein reported should provide a less dis- 
torted insight into the time course of this disease. 
However, further corroborative information about the 
fate of women with myocardial infarction would seem 
needed as well as information on rates of recurrence of 
infarction. More extensive studies to obtain information 
for specific age groups in each sex would seem required. 
There are many happy persons who have survived a 
myocardial infarction and many who are not so lucky. 
We need more information on the factors that deter- 
mine survival. 
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The occurrence of coronary heart disease and its main risk factors were 
assessed among the first degree relatives of 309 men from South and East 
Finland, including 203 men with fatal or nonfatal myocardial infarction 
and 106 healthy reference men under age 56 years. The younger the 
patient at the diagnosis of a first myocardial infarction, the more common 
was coronary heart disease in his parents and siblings. The risk of having 
coronary heart disease by age 55 was, respectively, 11.4, 8.3 and 1.3 
times greater in the South and 6.7, 3.6 and 1.8 times greater in the East 
for the brothers of patients than for the brothers of reference subjects 
depending on whether the diagnosis of myocardial infarction in the patient 
had first been established before the age of 46 years at age 46 to 50 years 
or at age 51 to 55 years. Hypertension and hyperlipidemia, but none of 
the other risk factors studied, were most common among the relatives 
of the youngest patients and diminished in frequency with advancing age 
of the patient. Most of the strong familial component in coronary heart 
disease of early onset thus appears to be mediated by familial hyperlipi- 
demias and hypertension. It is suggested that the risk of premature cor- 
onary heart disease in the persons at highest risk could be largely elimi- 
nated if information about family history were used to identify such persons 
at an early stage and if they were treated properly for their correctable 
risk factors. 


The familial occurrence of coronary heart disease has been the subject 
of several studies.!-9 These studies have almost uniformly demonstrated 
a two to three times greater incidence of the disease in first degree rel- 
atives of patients than in control subjects. Such a modest increase is not 
indicative of a strong genetic effect; instead, it pomts to a multifactorial 
etiology with a large nongenetic component. However, recent evidence 
suggests that the hereditary component may be quite distinct in the 
coronary heart disease of young patients, particularly in fatal forms of 
the disease.” The present study explores the strength of the hereditary 
component in the coronary heart disease of young and middle-aged men 
with myocardial infarction in two areas of Finland, one with a moderately 
high and the other with an extremely high incidence rate of coronary 
heart disease. 


Methods 


Probands 


The probands of the study were consecutive men under age 56 years who had 
a nonfatal or fatal myocardial infarction between 1972 and 1974 in two industrial 
communities or a fatal myocardial infarction in the adjoining rural district in 
two regions of Finland. One region in the South, has a mederately high incidence 
rate of coronary heart disease, the other, in the East (providence of North . 
Karelia), has the world’s highest incidence rate of the disease. Men with initially 
nonfatal myocardial infarction were located from hospital admission records 
from the study areas; those with an infarction that proved fatal outside the 
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hospital were located from death certificates obtained from 
the Central Statistical Office of Finland. 

Criteria for inclusion in study: The medical records of 
all eligible men were carefully reviewed. Only men who met 
one of the following criteria were included in the study: (1) 
unequivocal electrocardiographic evidence of a recent myo- 
cardial infarction’; (2) diagnostic changes in serum enzyme 
Mattern (serum glutamic oxaloacetic transaminase greater 
than 30 [U/liter) together with either suggestive electrocar- 
diographic changes’ or a typical history of chest pain; (3) 
positive postmortem evidence of a recent myocardial infarc- 
tion; or (4) sudden death with a history of chest pain together 
with either previous symptoms of coronary heart disease or 
suggestive autopsy findings such as scars of old myocardial 
infarction and severely affected coronary arteries. These cri- 
teria were met by 110 men in the South and 105 men in the 
East. 

Age: The men known to be alive and the closest relatives 
of the dead men were contacted by mail and invited to par- 
ticipate in the study. Two men in the South refused partici- 
pation, and no relatives were located for 10 dead southern 
men. Of the remaining 203 men, 100 were still alive at the time 
of the study. The first definite myocardial infarction had been 
diagnosed before age 46 years in 84 of the probands (hereafter 
referred to as the youngest probands) and between ages 46 and 
50 years in 63 (the middle-aged probands); the remaining men 
(the oldest probands) were over age 50 years at the time of 
their first myocardial infarction (Table I). The age of the 
probands at the time of the study ranged from 22 to 55 years 
(mean 47.6). 

In each area, 53 healthy control men aged 34 to 55 years 
(mean 48.7) were selected from the occupational health ex- 
aminations administered to the employees of local wood and 
paper companies. 

The surviving probands and the closest relatives of the 
dead men underwent a thorough clinical examination. A list 
of first degree relatives aged 15 or more years was compiled 
for each proband, and consent was obtained to contact these 
relatives and to obtain the death certificates for any family 
members who had died. 


Relatives 


Of the relatives, 1,660 were reported to be alive and 600 had 
died. A questionnaire on medical history, symptoms and 
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habits was mailed to the living relatives. They were also re- — 
quested to report to local medical laboratories where a fasting 
blood sample was drawn and their height, weight and 12 lead 
resting electrocardiogram were recorded. The laboratories had 
been instructed to help the respondents fill out the ques- 
tionnaire, which was then forwarded together with the re- 
corded data to the University of Helsinki for analysis. 

The requested information was obtained from 1,479 (89.1 
percent) of the eligible relatives. Of these, 107 were parents, - 
864 were siblings and 508 were children of the probands (Table 
I). The age of the siblings averaged 47.7 years and that of the 
children 20.7 years. } 

Data from the relatives: The questionnaire yielded in- 
formation about previous diagnoses of coronary heart disease, 
hypertension and diabetes, any current or past medication for 
these disorders, as well as smoking and dietary habits. | 

The questionnaire responses in the presence of coronary — 
heart disease were verified from earlier medical records of 
hospitals and private physicians. The diagnosis of coronary 
heart disease was accepted only when the records reviewed — 
revealed an objective basis for the diagnosis, such as typical — 
electrocardiographic changes or a typical history of chest pain. — 
The reported diagnoses could not be confirmed in five © 
cases. 

The reported diagnoses of hypertension and diabetes in 
450 questionnaires were similarly checked against past med- 
ical records. Because these diagnoses were invariably con- . 
firmed in the cases in which treatment was also described, the — 
remaining reports of these disorders were accepted as reported 
whenever treatment was mentioned. 

The reliability of the questionnaire reports was also 
checked in clinical interviews of a sample of 200 relatives. In 
these interviews, the written reports of diagnosed diseases and 
habits were found to be reliable, but data on symptoms such 
as chest pain appeared to be too unreliable for analysis. 

The death certificates of the dead relatives were located 
in the Central Statistical Office of Finland, where the primary 
cause of death was coded according to the 1965 Revision of the — 
International Classification of Diseases, Injuries, and Causes 
of Death (ICD). 


Methods of Data Analysis 


Hyperlipidemia: Serum cholesterol was determined using 
the method of Huang et al., and serum triglycerides with an _ 


TABLE | 
Number of Participants 
South East 
Age of Proband at First MI (yr) Reference Age of Proband at First MI (yr) Reference 
<45 46-50 51-55 Group <45 46-50 51-55 Group 
Proband 
Alive 17 18 15 53 22 19 13 53 
Dead 21 14 13 — 24 16 15 — 
Parents 
Alive 21 9 4 25 11 10 5 22 
Dead* 52 47 50 74 75 47 47 77 
Siblings 
Alive 107 89 62 122 142 96 88 158 
Dead* 14 6 13 11 14 22 32 19 
Children 
Alive 53 39 49 76 53 73 57 108 
All relatives 
Alive 181 137 115 223 206 179 150 288 
Dead* 66 53 63 85 89 69 79 96 


* Deceased relatives who survived to age 30 years are included. 
MI = myocardial infarction. 
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autoanalyzer according to the method of Kessler and Lederer.” 
The lipid values were age-adjusted as previously described.® 
The point for definition of hyperlipidemia was set at the 90th 
percentile of the age-adjusted values of the reference relatives. 
These limits were 320 mg/100 ml (8.30 mmol/liter) for serum 
cholesterol in both sexes, and 190 mg/100 ml (2.15 mmol/liter) 
and 150 mg/100 ml (1.90 mmol/liter) for serum triglycerides 
in men and women, respectively. 

Life tables: With the method of Cutler and Ederer,!? life 
tables were constructed for the mortality from all cardiovas- 
cular diseases (ICD codes 400 to 450), from coronary heart 
disease (codes 410 to 414) and for the combined morbidity and 
mortality from coronary heart disease. The differences in the 
cumulative probabilities of an event between two groups of 
relatives were tested according to the method of Mantel.!! His 
test evaluates the differences between the life table patterns 
in their entirety rather than at isolated points, thus giving 
more weight to early than to late events. The frequency of 
coronary risk factors was age-adjusted using the indirect 
method of standardization. For statistical testing of discrete 
variables, the chi square test without Yates correction was 
used. The effect of multiple (nonindependent) observations 
within a family was disregarded in all statistical tests used. 
Hence the results of the significance tests described must be 
interpreted as rough measures of strength of association be- 
tween the variables. 

The relatives of the probands with fatal or nonfatal myo- 
cardial infarction will be referred to hereafter as case relatives; 
relatives of reference men will be referred to as reference rel- 
atives. 


Results 


Occurrence of Coronary Heart Disease Among the 
Relatives 


Parents: Approximately one half of case fathers and 
one third of reference fathers in both the South and East 
had died of cardiovascular diseases (P <0.05). The 
mortality of the fathers of the probands with fatal and 
with nonfatal myocardial infarction was similar. Early 
mortality from cardiovascular causes was greatest 
among the fathers of probands whose first myocardial 
infarction had been diagnosed before age 46 years (the 
youngest probands) (Table II). By age 70 years the risk 
of dying from coronary heart disease for these fathers 


TABLE Ii 
Fathers of Probands: Cumulative Probability of Dying From 
Cardiovascular Diseases by Age 70 


Probability of Dying (%) 


Coronary Heart All Cardiovascular 


Disease Diseases * 
South East South East 

Age of proband at 

first myocardial 

infarction (yr) 
~ S45 44,3 52.3! 55.21 62.4! 

46-50 . 29.5! 35.91 37.2 58.6! 

51-55 12.1 20.27 22.2 31.2 
Reference group 9.4 7.6 25.2 21.2 


* International Classification of Diseases (ICD) Code no. 410 to 414 
(coronary heart disease) and 400 to 450 (all cardiovascular dis- 
eases) 

t P < 0.05 between case and reference groups. 

* P < 0.01 between case and reference groups. 


was 50 percent, 5.2 times the risk for reference fathers 
(P «0.001). For fathers of probands with the first di- 
agnosis of myocardial infarction at age 46 to 50 (the 
middle-aged probands) the risk was 32 percent or 3.8 
times greater than that for reference fathers (P «0.01), 
whereas for fathers of probands with the first diagnosis 
of myocardial infarction past age 50 (the oldest preg 
bands) the risk was only slightly zreater than for ref- 
erence fathers. 

Approximately one third of both case and reference 
mothers in the South and East had died of cardiovas- 
cular diseases. As with the fathers, the mortality from 
all cardiovascular causes and particularly from coronary 
heart disease was greatest among the mothers of the 
youngest probands (Table III). The risk of death from 
coronary heart disease by age 70 was 4.2 times greater 
(30 percent) for these mothers than for reference 
mothers (P <0.01). The risk was not similarly increased 
for mothers of probands who had their first myocardial 
infarction after age 45. 

Brothers: Fatal or nonfatal coronary heart disease 
had been diagnosed in one fifth of ease brothers in the 
South and in one third of those in the East: this fre- 
quency is four times that in reference brothers in the 
respective areas (P «0.01 in both areas). Coronary heart 
disease was equally common among the brothers of the 
surviving and dying patients. The risk of the disease was 
greatest for the brothers of the youngest probands (Fig. 
1). The risk of having coronary heart disease by age 55 
in such brothers was 45 percent in the South and 54 
percent in the East; there risks were, respectively, 11.4 
and 6.7 times greater than those for the reference 
brothers in the respective areas (P «0.001 in the South 
and P «0.01 in the East). The corresponding risks for 
the brothers of the middle-aged probands were 37 per- 
cent in the South and 45 percent in the East or, re- 
spectively, 8.3 and 3.6 times greater than the risks for 
the southern and eastern reference brothers (P «0.01 
in both areas). For the brothers of the oldest probands 
the risk of having coronary heart disease by age 55 was 
only 1.3 times greater (9 percent) in the South and 1.8 
times greater (28 percent) in the East than the risk for 


TABLE Ill 
Mothers of Proband: Cumulative Probability of Dying from 
Cardiovascular Diseases by Age 70 


Probability of Dying (96) 
Coronary Heart All Cardiovascular 


Disease * Diseases " 
South East South East 

Age of proband at 

first myocardial 

infarction (yr) 

<45 35.8! 24.9! 54.6! 35.0! 

46-50 14.5 11.3 20.0 14.8 

51-55 6.7 13.2 21.9 17.5 
Reference group 10.0 7.4 24.0 19.1 


* ICD Code no. 410 to 414 (coronary heart disease) and no. 400 to - 
450 (all cardiovascular diseases). 

' P «0.05 between case and reference groups. 

* P «0.01 between case and reference groups. 
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the respective reference brothers (P >0.05 in the South 
and P «0.05 in the East). 

The age at diagnosis of coronary heart disease was 
similar for the proband and his brothers. In the South, 
the fraternal correlation coefficient for the age at first 
diagnosis of the disease was 0.61 (P «0.01); In the East, 
@fe correlation coefficient was 0.27 (P = 0.08). The 
correlation was most distinct in the families of the 
youngest probands and lowest in those of the oldest 
probands. 

Sisters: One tenth of case sisters in the East and half 
as many of case sisters in the South as well as of refer- 
ence sisters in both areas had had fatal or nonfatal 
clinical coronary heart disease. The disease was most 
common among the sisters of the youngest probands. 
'The risk for these sisters of having coronary heart dis- 
ease by age 55 was 2.8 times greater (19 percent) in the 
South and 3.7 times greater (24 percent) in the East, 
than the risks for reference sisters in the respective areas 
(P »0.05 in the South and P «0.05 in the East). At later 
ages, the risk gradients appeared to become much more 
distinct, but the number of sisters at risk was too small 
for definite conclusions. The risk of coronary heart 
disease for the remaining case sisters was essentially 
similar to that for reference sisters. 


Prevalence of Coronary Risk Factors Among the 
Relatives 


All the main coronary risk factors occurred with 
similar frequency among the relatives of the surviving 
and deceased patients. Hypertension, hypercholester- 
olemia and hypertriglyceridemia were more common 
among case than among reference relatives (Table IV) 
and were most common among the relatives of the 
youngest probands. Hypertension was two to three 
times more common among the latter relatives than 
among reference relatives, but was only slightly more 
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CUMULATIVE PROBABILITY OF DEVELOPING CHD 


AGE (years) 


FIGURE 1. Cumulative probability that fatal or nonfatal coronary heari 
disease (CHD) were developing in the brothers of the probands whose 
first myocardial infarction was diagnosed before age 46 years (triangle), 
at 46 to 50 years (closed circles), or at age 50-55 years (crosses), 
and in the brothers of reference men (dashed lines). 


common among the remaining case relatives than 
among reference relatives (Table V). The rate of hy- 
percholesterolemia among case relatives was two- to 
three times greater than that among reference relatives. 
This increased occurrence was most pronounced among 
the relatives of the youngest probands, but its decrease 
with advancing age was only modest (Table VI). A 
similar gradient for hypertriglyceridemia was observed 


among the female but not among the male relatives 
(Table VII). 


Discussion 


Familial oecurrence of early-onset coronary 
heart disease: Virtually all past studies on the familial 
occurrence of coronary heart disease have shown a 


TABLE IV 
Frequency of Main Coronary Risk Factors Among Case and Reference Relatives 
South 
Brothers Sisters 
Hypertension (%) 
Case 16.1 17.8 
Reference 6.0 11.0 
Hypercholesterolemia (% )* 
Case 32.1! 20.51 
Reference 10.0 8.2 
Hypertriglyceridemia (96 )* 
Case 21.4 21.21 
Reference 14.0 8.2 
Relative weight > 120 (96) 
Case 11.6 26.7 
Reference 6.0 23.3 
Clinical diabetes (96) 
Case 2 4.1 
Reference — 4.1 
Regular smoking (96 )§ 
Case 42.0 16.4 
Reference 42.0 13.7 


East 
Children Brothers Sisters Children 
2.8 20.4 26.6 1.6 
— 13.8 20.4 — 
19.17 38.8 27.1! 19.1 
6.6 23.1 16.1 10.2 
12.8 23.1 16.9 7.3 
6.6 13.8 11.8 9.3 
4.3 11.6 28.2 2.7 
2.6 10.8 26.9 1.9 
— 5.4 1,4 — 
— — 22 — 
35.5 46.3 14.6 28.4 
35.5 40.0 14.0 29.5 


* Serum cholesterol 2320 mg/100 ml; serum triglycerides = 190 mg/100 ml (men) or = 150 mg/100 ml (women). The values are adjusted to 


age 45 years. 
t P «0.05 between case and reference group. 
t P € 0.01 between case and reference group. 
3 Smoking before the diagnosis of coronary heart disease. 
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modest familial prevalence.!-9 The few reports in which 
some details about the age of the patients are given 
suggest a greater familial influence for coronary heart 
disease of early than of late onset.?-^ The present study 
clearly demonstrated a strong familial component in 
myocardial infarction that occurs at an early age. This 
component decreases steeply with advancing age until 
it is negligible in myocardial infarction that first pre- 
sents in late middle age. The strength of the familial 
component in coronary heart disease of the youngest 
patients is evidenced by the up to 10-fold excess risk of 
the disease for their relatives. 

Effect of age: The magnitude of the familial com- 
ponent in premature coronary heart disease is illus- 
trated also by the remarkable correlation for age at 
onset of the disease between the young proband and his 
brothers. Aside from some case reports commenting on 
the resemblance of the age at onset of coronary symp- 
toms in twins,!?.? the close similarity observed in this 
study has been reported in only one study on familial 
hypercholesterolemia.!^ The familial component in 
coronary heart disease of the young patients in the 
present study thus appears to be as strong as that in 
subjeets affected by a dominantly inherited highly 
atherogenic trait. 

Heritable versus environmental factors: The fa- 
milial component cannot be interpreted in simple ge- 
netic terms. However, the contribution of shared genes 
and of the common family environment to the suscep- 
tibility to disease of close relatives may be estimated.!^ 
'The magnitude of such heritable components in the 
disease liability of the relatives of the youngest patients 
in the present study would be 90 to 100 percent, which 
is consistent with almost total determination of the 
disease by additive polygenic heritable factors. For the 
relatives of the oldest probands the heritable compo- 
nent would be only 15 to 30 percent, suggesting a largely 
environmental origin for the disease in this group. 

'The difference in the contribution of environmental 
and inherited factors to coronary heart disease at dif- 
ferent ages is supported also by the differing regional 





patterns of the disease. Although the risks of having 
coronary heart disease were similar in the South and 
East for the relatives of the young patients, those risks 
for the relatives of the oldest patients and of reference 
men differed greatly in the two areas, and were almost 
twice as great in the East as in the South. This differ- 
ence is probably due to the abundance of many allegedly 
atherogenic environmental factors in the East.!9 The 
lack of such a real difference in the risk for the kindred 
of the youngest patients suggests that genetic deter- 
mination of the disease in these persons was strong 
enough to outweigh any regional effects. 

Risk factors of hypertension, hyperlipidemia and 
smoking: The age at which coronary heart disease 
manifests itself is likely to depend primarily on the ve- 
locitv of the progression of atherosclerosis. It is widely 
accepted that hyperlipidemias and hypertension are the 
most important determinants of this process. Because 
these antedecents of atherosclerosis were particularly 
common among the relatives of the youngest patients, 
it is likely that these atherogenic traits, exerting their 
effect from early life, accelerate the rate of atheroscle- 
rosis in the susceptible persons and are major causes of 
the early manifestation of coronary heart disease. 
Smoking habits also appear to modify the manifestation 
of the disease in these high risk persons: Coronary heart 
disease developed in heavy smokers an average of 4 
years earlier than in their nonsmoking siblings. 

The prevalence of hypertension and hyperlipidemia 
among the relatives decreased with advancing age of the 
proband. The decrease closely paralleled that observed 
in risk of coronary heart disease, suggesting that the 
variation of the prevalence of these factors might ac- 
count for most of the differences in risk of the disease. 
The proportion of risk attributable to these two traits 
cannot be estimated from the study data. However, the 
gradients in the prevalence of hyperlipidemia and hy- 
pertension between the various study groups were 
probably too modest to account fully for the distinct 
gradients in risk of coronart heart disease. On the other 
hand, the overall levels of the major risk factors in the 

















TABLE V 
Frequency of Hypertension in Relatives Aged 30 to 69 Years According to Age of Proband at First Diagnosis of Myocardial 
Infarction 
Age of Relatives Hypertensive 
Proband at (no.) Observed no. Expected no. Observec/Expected 
First MI (vr) South East South East South East South East Both Areas 
Male Relatives 
<45 51 59 13 15 5.74 4.71 23! 3.21 2.71 
46-50 32 48 4 5 3.51 4.85 1.1 1.0 1.1 
51-55 31 37 4 9 3.44 6.51 1.2 1.4 1.3 
Female Relatives 
<45 67 71 15 21 12.11 9.48 1.2 2i2* LS a 
46-50 48 50 7 19 8.16 8.66 0.9 22° 1.6 
51-55 39 86 6 13 7.18 11.00 0.8 1.2 1.0 
* P <0.05 
t P «0.01 


MI — myocardial infarction. 
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TABLE VI 
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Frequency of Hypercholesterolemia* in Relatives According to Age of the Proband at First Diagnosis of Myocardial Infarction 


Age of Relatives Hypercholesterolemia * 
Proband at (no.) Observed no. Expected no. Observed/Expected 
First MI (yr) South East South East South East South East Both Areas 
- Male Relatives 
<45 88 88 26 32 11.70 11.10 2.27 2.91 2.6! 
46-50 - 53 89 15 27 7.24 10.98 2.17 2.51 2.3! 
51-55 53 65 15 20 7.67 9.09 2.0 2.21 2.1! 
Female Relatives 
<45 93 108 24 29 10.03 9.28 2.41 3.1% 2.8! 
46-50 84 85 14 20 8.93 8.77 1.6 2.3! 1.9! 
51-55 62 100 8 18 5.84 10.50 1.4 1.7 1.6 
* Age-adjusted serum cholesterol 2320 mg/100 ml. 
t P «0.05. 
t P «0.01 
MI = 


study cohort were so high that even modest changes in 
them will cause exponential changes in risk of coronary 
heart disease. 

Clinical value of family history as an indicator 
of high risk: The study data emphasize that a family 
history of premature coronary heart disease is an indi- 
cation of high risk. Screening for such a history would 
have identified a majority of the young patients long 
before the emergence of the clinical disease, whereas 
even the most extensive screening for the known bio- 
chemical precursors of coronary heart disease probably 
would have failed to do so. Family history may, in fact, 
be the only means of distinguishing the truly high risk 
persons in populations with a high frequency of modest 
risk factor abnormalities, because in such populations 
abnormalities, when first observed, may not in them- 
selves appear striking enough to call for intervention. 

This is illustrated by a patient who was hospitalized 
with severe chest pain at age 28 years. His father had 
died early of coronary heart disease. The patient's 
modest elevations in serum lipids were considered in- 


TABLE VII 


consequential and left untreated and he was discharged 
with the diagnosis of mediastinitis. Modest elevations 
in serum lipids and in blood pressure were again ob- 
served but not treated 2 years later when the patient 
was rehospitalized for chest pain. He did not mention 
that his 32 year old brother had recently died of myo- 
cardial infarction, and he was again discharged without 
the diagnosis of coronary heart disease disclosed at 
autopsy 2 years later. Had proper attention been paid 
to family history, vigorous treatment probably would 
have been instituted, although the efficiency of inter- 
vention at this late stage is questionable. 

Although invaluable in most cases of coronary heart 
disease of early onset, family history may be of limited 
value in very young patients. Both coronary heart dis- 
ease and its known biochemical precursors were ex- 
traordinarily scarce in the families of the two youngest 
patients of this series. These patients died suddenly and 
unexpectedly at ages 22 and 24 years, respectively. It is 
possible that the disease in these young men involved 
mechanisms other than those of the common athero- 


Frequency of Hypertriglyceridemia* in Relatives According to Age of the Proband at First Diagnosis of Myocardial Infarction 


Hypertriglyceridemia * 


Age of beas APT eee 8 SUE 
Proband at Observed no. Expected no. Observed/Expected 
First MI (yr) South East South East South East Both Areas 
Male Relatives 
<45 16 15 8.79 9.06 1.9 1:7 1.8' 
46-50 10 14 5.82 9.18 * 1.5 1.6 
51-55 10 12 5.47 6.94 1.8 1:7 17 
Female Relatives 
<45 25 21 8.97 9.55 2.8 2.2 2.5% 
46-50 14 15 8.22 9.72 5 Rae o 1.5 1.6 
51-55 7 13 5.72 9.72 1.2 tie 1.2 


A 
MI = myocardial infarction. 


Age-adjusted serum triglycerides 2 190 mg/ 100 ml (men) or 2 150 mg/100 ml (women). 
P «0.05. 
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sclerotic heart disease. A similar conclusion in other 
cases was recently drawn by other investigators. !’ 
Methodologic problems in assessing role of fa- 
milial history and other risk factors: Any study on 
familial frequency of coronary heart disease is beset 
with methodologic problems.!*:!9 Some of these prob- 
lems were avoided in this study. The problem of selec- 
tive memory and recall was circumvented by collecting 
the reports on coronary heart disease directly from the 
relatives and then verifying these reports from objective 
sources. Similarly, the unreliability of reporting on the 
causes of death was reduced by having all death certif- 
icates standardized by a specialized reviewer. Never- 
theless, the accuracy of the death certificates is open to 
question. Some error may also have arisen from any 
secular changes in the diagnostic practices of coronary 
heart disease. However, the close time span during 
which the diagnoses were established in all relatives is 
likely to render the effect of such a bias negligible. 
The estimates of the prevalence of the coronary risk 
factors are also subject to error. It may be assumed that 
a person with disease influences the habits and risk 
factor levels of the other members of his family. How- 
ever, such an influence could not be observed in this 
study.” A serious bias may also have been introduced 
by the loss from the study cohort of persons who died 
of premature coronary heart disease. Such persons are 
likely to bear a high level of risk.?! The mortality of case 
siblings in the present study was still relatively low, but 


not uniform. Early mortality from coronary heart dis- 
ease was greatest among the siblings of the youngest 
patients, which may have obscured the true differences 
in the risk factor levels between this and the other case 
groups. 

Clinical implications: The results of this study 
clearly show that the younger the patient at the diss- 
nosis of myocardial infarction, the greater the heritable 
component in his disease. Because this component ap- 
pears to be mostly mediated by familial hyperlipidemias 
and hypertension, both of which are amenable to cor- 
rection, early identification of the susceptible persons, 
often possible only from a family history, could alter an 
otherwise gloomy prognosis. 

Screening the total population for major risk factors 
would probably identify a larger proportion of persons 
at high risk than would be identified with a family his- 
tory. However, because the resources for such mass 
screening and treatment are lacking, the simple and 
inexpensive screening by family history would give the 
next best yield of high risk persons. Preferably, such 
screening should be accompanied by a public health 
effort to modify the major risk factors within the entire 
population. 
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InterLith-RP The simple response to changing 


Tate requirements. 


InterLith-RP's straightforward rate programming 
system gives you the power to respond to your patients’ 
changing rate requirements simply, safely, and non- 
invasively. Nine programmable pulse rates ranging 
from 51to 120 ppm putthe pacing decision where it 
should be: in your hands. 

The uncomplicated InterLith-RP system, available 
with both unipolar and bipolar pacemaker models, lets 
you alter pacemaker rate with a simple Programming 
Wand and Programmer. The rate isincremented in single 
steps from one value to the next by simply depressing the 
programming button with the Programming Wand over 
the site of the implanted pacemaker. 

The InterLith-RP combines simplicity with 
Intermedics pacemaker reliability to give you control 
and confidence in your heart pacing decisions. 

Simplicity isjust one important reason to put your 
confidence in the InterLith-RP 


InterLith® isa registered trademark of Intermedics, Inc., Freeport, TX. 
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Two out of every five hypertensives 
found to be ne 
in recent stu 


Lipid abnormalities are often part of a broader 
clinical picture. For example, a recent study! 
reports an association between hypertension and 
=» hypertriglyceridemia—the most common form of 
hyperlipidemia. (See table below.) 
Ga 





Incidence of Hyperlipidemia 




















Type of Hypertensives Normotensives 
Hyperlipidemia* (89 subjects) (89 subjects) 
lypellh — ———« 9% (8) 7% (6) 
Type IIB 6% (5) 3% (3) 
Type IV 26% (23) 11% (10) 

Total —— 41% (36) 21% (19) 





*Hyperlipidemia was diagnosed when cholesterol levels exceeded 282 mg% 
and /or triglycerides were over 177 mg9s—cutoff points higher than the usual 
upper limits of normal 
Adapted from Thomas, G. W., et a/.' 


The essential measurements— 
cholesterol and triglycerides 


Today, lipid determinations are recommended as 
part of every general medical examination. 


Because elevated lipids may coexist with high 
blood pressure, it is especially important to screen 
hypertensive patients for hyperlipidemia. Testing 
for both cholesterol and triglycerides is considered 
essential,?-5 since it increases the chances of 
detection from 6 out of 10 to 9.5 out of 10.9 


AN IMPORTANT NOTE: it nas not been established 
whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the 


morbidity or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required before current 
investigations will yield an answer to this question. 
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Proved effective in study after study 


In clinical studies involving patients with 
drug-responsive hyperlipoproteinemia, diet plus 
ATROMID-S (clofibrate) lowered serum cholesterol 
levels from 2296 to as much as 52% and reduced 
triglyceride values over a range of 19% to 80%.7-1? 


Patient acceptance is generally good 


In more than a decade of use, clofibrate has been 
generally well tolerated. Major adverse effects 

are primarily gastrointestinal, with nausea being 
predominant. Other G.I. reactions include loose 
stools, flatulence, abdominal distress, and, 
infrequently, gallstones. Less common reactions 
include muscle cramping, myalgia, and alopecia. 
Please see "Important Note" at left and Warning on 
concomitant anticoagulant usage in prescribing 
information on following page. 


The most widely prescribed antilipemic agent 


Atromid-S [Aerst] 


(clofibrate) 


See next page of this advertisement for prescribing information. 
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Atromid S elof Bii 
2 capsules b.i.d. 


BRIEF SUMMARY 

(For full prescribing information, see package Circular.) 
ATROMID-S® Brand of clofibrate 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
respond adequately to diet and other measures for the reduction of elevated serum 
cnolesterol (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate ap- 
pears to have a greater depressant effect on the very low density lipoproteins (S, 20- 
400) rich in triglycerides than the low density lipoproteins (S¢ 0-20) rich in cholesterol 


ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum asso- 
ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate. 


It has not been established whether the drug-induced lowering of serum cholesterol or 
hid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question 


CONTRAINDICATIONS: Ciofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk. 


It ıs contraindicated in patients with clinically significant hepatic or renal dysfunction. 


It's contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


Strict birth control procedures must be exercised by women of childbearing potential 
In patients who plan to become preanant, clofibrate should be withdrawn several 
months before conception. Because of the possibility of pregnancy occurring despite 
birth control precautions in patients taking clofibrate, the possible benefits of the drug 
to the patient must be weighed against possible hazards to the fetus. 
Administration of clofibrate to mice and rats in long-term studies at eight times the human 
cose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans is not known at this time, it can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
respond adequately to dietary intervention 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
.control serum lipids with appropriate dietary regimens, weight loss in obese patients, 
control of diabetes mellitus. etc. 


Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
lipid levels. F ent determinations of serum lipids should be obtained during the first few 
months of AT ID-S administration, and periodic determinations thereafter. The drug 
should be withdrawn after three months if response is inadequate. However, in the case o! 
xanthoma tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the xanthomata. 


Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations 
of serum cholesterol! peak elevations in midwinter and late summer and decreases in 
fall and spring. If the drug is discontinued, the patient should be placed on an 
appropriate hypolipidemic diet, and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above the original baseline may occur. 


During clofibrate therapy, frequent serum transaminase determinations anc other liver 
function tests should be performed since the drug may produce abnormalities in these 
parameters. These effects are usually reversible when the drug is discontinued. Hepatic 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use witn caution in 
those patients with a past history of jaundice or hepatic disease. 


Ciofibrate may produce “flu like” symptoms (muscular aching, soreness, cramping). Th 
physician should differentiate this from actual viral and/or bacterial disease. 


Use with caution in patients with peptic ulcer since reactivation has been reported. 
Wnether this is drug-related is unknown 


Complete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate. 


Various cardiac arrhythmias have been reported with the use of clofibrate 


Several investigators have observed in their studies that clofibrate may pregyce a 
decrease in cholesterol linoleate but an increase in palmitoleate and oleate, the latter 
being considered atherogenic in experimental animals. The significance of this finding 
is unknown at this time. 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is mausea. Less 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness; skin 
rash, urticaria, and pruritus; dry battle hair, and alopecia. 


The following reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 


Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 


Genitourinary 
Impotence and decreased libido 
Findings consistent with renai dysfunction as evidenced by dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested “allergic 
reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like” symptoms 
Arthralgia 


Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 


Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase (SGOT and 
SGPT), BSP retention, and increased thymol turbidity 
Proteinuria - 
Increased Creatine phosphokinase 


Reported adverse reactions whose direct relationship with the drug has not been 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomastia, 
thrombocytopenic purpura. 

DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage 


Maintenance: Same as for initial dosage 
Note: In children, insufficient studies Fave been done to show safety and efficacy 


DRUG INTERACTIONS: Caution should be exercised when anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced usually 
by one-half (depending cn the individual case) to maintain the prothrombin time at the 
desired level to prevent bleeding complications. Frequent prothrombin ceterminations are 
advisable until it has been definitely determined that the prothrombin level has been 
stabilized. 


MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdos- 
age, should it occur, symptomatic supportive measures should be taken. 


HOW SUPPLIED: ATROMID-S—No. 243—Each capsule contains 500 mg clofibrate, in 
bottles of 100 

References: 1. Thomas, G. W., etal.: Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E. H., 
Jr.: Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A.M.A. 
222:1647 (Dec. 25) 1972. 4. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975. 5. Letters to the 
Editor: Current Prescribing (July) 1977, p. 15. 6. Fredrickson, D. S.. et al., in Holmes, 
W. L., Carlson, L. A., and Paoletti, R. (eds.): Drugs Affecting y dr Metabolism, vof. 4, 
New York, Plenum Press, 1969, p. 314. 7. Brown, H. B., Lewis, L. A., and Page, I. H.: Clin. 
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HIS REPORTS WOULD 
BE OUT BY NOW! 


Our users tell us about many things they like in their E for M Cath Lab Computer 

System, such as — 

e Ventriculography results are available in-lab. 

ə Hemodynamic calculations are done with an accuracy and reliability they 
found hard to get manually. 
Waveforms and calculated results are displayed and permanently stored. 
Extensive editing facilities permit introduction of personal judgment. 
Latest generation software provides some unique capabilities such as shunt 
calculations based on the tentative diagnosis of congenital anomaly. 


The computer-accessible cardiac data base greatly simplifies cross- 
population and other statistical studies. 


But the part our users like most is getting all their reports written by the 
computer, to their specifications, immediately after the procedure is finished. 


If you are thinking about a computer for your cath lab, it will pay you to talk with 
us. Call your local EforM representative, or our computer group in Sudbury, 
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Light, thin, 
cosmetically 
preferred. 

The lelectronics 
Slimline 160 B. 
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Canada 
6299 Airport Road, Mississauga, Ontario L4VIN3 





17 years of pacemaking history...a cumulative 
survival rate of studied Telectronics lithium pacers 
at fifty-one months is greater than 99.5%. An 
updated Reliability Report is now available. 


Europe 
35 Ivor Place, London NWI, UK 


TELECTRONICS 


You and Telectronics. Partners for life. 


Australia (and the rest of the world) 
2 Sirius Road, Lane Cove, Sydney, NSW 2066 





What to look for in 


Ease of manipulation Balloon integrity 

during insertion Made of natural latexand 

Made of specially formulated 100% tested for inflation and 
polyvinylchloride with ideal concentricity integrity. Can 
combination of stiffness and be reinflated many times at 
pliability. Body is slightly curved recommended inflation Capacity 
to facilitate insertion and direc- 

tional flow. Has body markings 

at 10 cm intervals. Can be seen 

by fluoroscopy. 


Concentric shape 

Shields the tip from impinging 
the right ventricle, minimizing 
risk of cardiac arrhythmias. 
Concentricity is assured 
because hand attachment of 
Balloon secured with hand- \ balloon facilitates proper 
wound urethane binding for \ positioning. 

added safety. Bushings help | 

maintain lumen patency. 
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Safe and secure 


These are the features that States, 85% of them routinely inserted), hundreds of pub- 
have helped make the Edwards’ use the SWAN-GANZ Catheter lished papers in the medical 
SWAN-GANZ Catheter from for hemodynamic monitoring. literature, unsurpassed manu- 
Edwards Laboratories the most The reasons? SN facturing qualitv 
widelv used in the world. In More clinical c— -— ERES (15 separate qual- 
fact, of all open heart medical experience (over ae itv control checks), 


teaching centers in the United one-half million " [MEME S meticulous hand- 
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Directly compatible 

with Edwards’ Cardiac 

Output Computers 
Catheter standardization No special interfacing equip- 
ment needed. Fits all models, 


Specifications printed on shaft i Es 
including new Model 9520 


for convenience of usc and quick 
identification. Size. Type. Infla- 
tion capacity. Model number. 
Color coded according to size. 
5F: white. 6F: blue. 7F: yellow. 
BF: tan. 


Proximal end thicker to 
accommodate unique adapter 


Provides extra strength to mini- 
mize possible lead breakage. 
Adapts external leads to internal 
chambers of catheter without 
damping of frequency response. 


Positive closure of 
inflation lumen 

New convenient gate valve 
provides positive closure of 
inflation lumen to prevent 
balloon deflation. Can be 
used with one hand. 
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A New 
Inotropic Agent 
for the Short-Term 
Treatment of Low-Output 
Cardiac Failure 


selectively Increases 
Myocardial Contractility 
with Consistent 
Hemodynamic Improvements 





Distinguishing Qualities of Dobutrex 





Strong Inotropic Activity through 

Selective Stimulation 

Dobutrex is a potent, positive inotropic agent 
whose primary activity results from stimulation of 
the 8 receptors of the myocardial muscle cells.’ 


Hemodynamic Improvements 

Dobutrex has minimum effect on the 
adrenergic receptors in the vasculature.' In 
most patients, blood pressure changes are 
small, and decreases in afterload and preload 
have been reported in clinical investigations 
(see warnings)? 


Small Effect on Heart Rate and Automaticity 
Dobutrex has minimum effect on ventricular 
automaticity? and does not reduce blood 
pressure.‘ This, together with its low chronotropic 
potential, reduces the risk of arrhythmia (see 
warnings). 


Renal Output and Urine Flow 

Dobutrex does not have the direct renal 
vasodilative effect of low-dose dopamine; 
however, in patients with heart failure, Dobutrex 
generally promotes a diuresis as renal perfusion 
rises with the increased cardiac outputs 


Direct-Acting 

Unlike dopamine, Dobutrex acts directly on the 
myocardium and does not depend on the 
release of endogenous norepinephrine for its 
inotropic activity. 


Myocardial Oxygen Balance 

Increases in coronary heart perfusion due to 
increased cardiac output, together with a 
favorable influence on some of the major 
determinants of oxygen consumption (for 
example, decreases in left-ventricular filling 
pressure, decreases in systemic vascular 
resistance, and a mild chronotropic effect 2°), 
suggest that Dobutrex improves or maintains 
myocardial oxygen balance. 


Infrequent Side Effects 
Increases in heart rate, blood pressure, and 
ventricular ectopic activity have occurred. The 
drug is contraindicated in patients with 
idiopathic hypertrophic subaortic stenosis. In 
patients who have atrial fibrillation with rapid 
ventricular response, a digitalis preparation 
should be used before therapy with Dobutrex is 
instituted. For warnings, precautions, and 
adverse reactions, see the brief summary of 
prescribing information. 

Because of the rapid onset and brief duration 


* of action of Dobutrex, precise adjustment of 


cardiac stimulation is possible by regulation of 
the rate of administration. As a result, when 
undesirable effects arise, temporary 
discontinuation of the infusion or reduction in 
dosage will generally reverse the adverse 
conditions. No additional remedial measures 
are usually necessary. 
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For LV. Injection 
250 mg* in 20-ml vials 
*Equivalent to dobutamine 
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Dobutrex: 


Dobutamine HCI 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex* (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensction due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

in patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. /ncrease in Heart Rote or Blood 
Pressure —Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
hod rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibril.ation are at 
risk of developing rapid ventricular response. 
Pctients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but if rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. in addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
fhe presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction —Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 
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drug for this use. There is cancern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweign the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex for use in children have not 
been studied. 


Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Prelimimary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: /ncieased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects.) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 


Miscellaneous Uncommon Effects —The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal paim, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 


Longer-Term Safety —Infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually nc additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute add 10 ml of diluent to Vial 
No. 7051 Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 mi of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions shoulc be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250, 500, and 1000 mcg/ml 
Infusion Delivery Rate 


Drag DONO y. aee arret leui Seth SERS i 
Rate 250 mcg/ml* 500 mcg/mit 1000 mcg/mlt 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
75 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
$1000 mg per liter or 250 mg per 250 mi of diluent 
The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patient's response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cordiac 
output. ^ 
Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Additional information available to 
Si the profession on request. 
hy Eli Lilly and Company 
Indianapolis, Indiana 46206 
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Several analytic techniques are used to estimate the activity of creatine 
kinase (CK) isoenzymes. These techniques are undergoing continual 
refinement because the MB CK molecule appears to be nearly cardio- 
specific. An improved column chromatographic assay is presented with 
a lower limit of analytic detection of 0.8 mIU/ml. The assay was applied 
to normal subjects and to patients with myocardial infarction and with 
complex disease states. Results of the column chromatography were 
compared with those of agarose and cellulose acetate electrophoresis. 
There was MB CK activity in all normal sera (no. = 19, mean + standard 
deviation = 2.4 + 7). After acute myocardial infarction the MB CK activity 
increased by 650 percent (no. = 86, mean + standard error of the mean 
= 158.2 + 12.6 mIU/ml). The sensitivity for myocardial infarction was 
100 percent. The specificity, evaluated in multiple clinical states, ap- 
proached 100 percent. The column assay was compared with both aga- 
rose and cellulose acetate electrophoresis, and poor correlations with 
these semiquantitative systems were demonstrated. Finally, peak MB 
CK activity was closely correlated with kinetic analyses used to estimate 
infarct size (r = 0.94). Thus, column chromatography is a sensitive and 
specific method of estimating MB creatine kinase activity and is more 
precise than current electrophoretic methods. 


Since the report of Dreyfus et al.! describing the measurement of serum 
creatine kinase (CK) and the recognition that the enzyme consists of at 
least three isoenzymes,” these proteins have assumed increasing di- 
agnostic significance. The MB CK isoenzyme has been considered a 
nearly cardioselective molecule.®’ 

'The development of several analytic methods with sufficient sensi- 
tivity to measure MB creatine kinase activity in serum has provided 
insight into the biology and potential clinical utility of changes in serum 
MB CK activity. However, although several assay procedures are capable 
of estimating MB CK activity, the application of these diverse methods 
may lead to substantially different results. The assay techniques include 
electrophoretic separation on either agarose? or cellulose acetate? with — 
fluorescent visualization, electrophoretic separation with elution of either 
the protein or substrate from the media,!? separation of the isoenzymes 
on ion exchange columns with spectrophotometric analysis of activity,!! 
kinetic differentiation of the isoenzymes!” and selective activation of 


~ 
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the proteins? and the new immunologic procedures. !4:!5 
Estimation of MB CK activity with each of these sys- 
tems may result in qualitatively and quantitatively 
distinct outcomes potentially altering clinical inter- 
pretations. The majority of available information has 
been derived from observations using electrophoretic 
separation with fluorescent visualization.®*!7 The 
fundamental work of Roberts and associates®!° quan- 
titatively outlining the biology of MB CK activity was 
performed with a complex electrophoretic-elution assay, 
unsuitable for routine use. In recent years, methods 
based on ion exchange chromatography have been in- 
troduced that are more analytically sensitive than 
electrophoretic separation with fluorescent visualization 
and are more easily applied in the clinical labora- 
tory. !1:18-21 

However, utilization of a diagnostic enzyme test de- 
pends not only on the method’s analytic sensitivity, but 
also on its clinical sensitivity and specificity. Accord- 
ingly, this study was undertaken to apply an improved 
column chromatographic assay system for MB CK ac- 
tivity based on ion exchange chromatography. Studies 
were designed to assess (1) the biochemical sensitivity 
of the assay; (2) the reliability of separation of MM CK 
and MB CK; (3) the normal serum MB CK activity; (4) 
the clinical sensitivity of the determination; (5) the 
clinical specificity of the method; and (6) the kinetic 
profile of MB CK activity after acute myocardial in- 
farction. 


Methods 


Patient Selection 


Normal subjects: MB CK activity was measured in 19 
nonhospitalized ambulatory subjects who had no known 
disease. 

Acute transmural myocardial infarction: Eighty-six 
patients with acute myocardial infarction were selected on the 
basis of the following criteria: a history of chest pain with (1) 
new Q waves on electrocardiography, or (2) established Q 
waves with S-T segment elevation. 

Potential myocardial infarction: Serum samples from 
15 patients with possible myocardial infarction were exam- 
ined. These patients had chest pain typical of infarction, 
nondiagnostic Q waves and either T wave inversion only or a 
normal electrocardiogram. 

Complex medical disease: To assess the potential speci- 
ficity of increased MB CK activity, serum samples from 40 
patients in a medical intensive care unit were examined. The 
patients were selected because they tended to present diag- 
nostic problems often associated with increased total CK ac- 
tivity. In addition, 100 randomly selected patients admitted 
to a medical ward were examined. 


Biochemical Methods 


Column chromatography: CK isoenzymes were separated 
on DEAE-Sephadex using a modification of the Mercer pro- 
cedure.!! The DEAE-Sephadex was presoaked in Tris buffer 
(0.05 molar, pH 8.0) containing 100 millimoles of sodium 
chloride. The columns are prepared the day of use in 5 3/4" 
(14.61 cm) pasteur pipettes. A 0.5 ml sample is applied and 
eluted in four stages by alteration of the sodium chloride 
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concentration. The MM CK fraction is eluted first. The MB 
CK fraction is eluted as two fractions (MB-A and MB-B) and 
the results are combined. 

After separation, the CK activity levels of the isoenzymes 
are assayed spectrophotometrically using a Rosalki assay?? 
on a Beckman 25 spectrophotometer. The observed results 
are corrected for dilution and for recovery from the columns. 
The correction for dilution is obtained by comparing the gp- 
plied sample volume with the volume of the collected eluate. 
The average recovery of applied sample was 98.6 + 3.2 percent 
(mean + standard error of the mean) for MM CK and 98.2 + 
4.3 percent for MB CK. For electrophoresis the column eluates 
were concentrated by centrifugation through Centroflo R 
cones. The separation and quantitation of the isoenzymes by 
this technique has previously been described in detail.?? 

Total CK activity: This activity was determined with the 
Rosalki technique as previously described.!9.2425 The assays 
were performed ön a Beckman 25 spectrophotometer or a 
Gilford semiautomated analyzer using a Worthington reagent 
pack. 

Cellulose acetate electrophoresis: CK isoenzymes were 
separated electrophoretically and visualized fluorimetrically 
using the method of Klein et al.’ The strips were photo- 
graphed under ultraviolet light with Wratten no. 2A and U.V. 
Hale filters using Kodak” ASA 64 color film. 

Agarose electrophoresis: CK isoenzymes were separated 
electrophoretically and visualized fluorimetrically with the 
methods of Roe et al? The strips were fluorimetrically 
scanned and percent activity of MM CK and BB CK activity 
was determined. The units of CK activity were approximated 
by multiplying percent MB by total CK activity. 

Blood collection: Blood was sampled in 10 millimolar 
EGTA as previously described.?4.25 


Results 


Separation of CK isoenzymes: MM CK and MB CK ac- 
tivities can be completely separated from one another by this 
column chromatographic procedure without overlap of the 
MM CK fraction into the MB CK zone. To assess the sepa- 
ration of the isoenzymes on the minicolumns, we performed 
electrophoretograms on cellulose acetate of the MM CK and 
MB CK eluates. Over the range of 50 to 2,000 IU/liter of total 
CK activity, there was complete separation of the MM CK and 
MB CK electrophoretic bands. Samples with greater than 
2,000 IU/liter (range 2,000 to 18,000 IU/liter) could be diluted 
to a total CK activity of less than 2,000 with complete sepa- 
ration of the isoenzymes accomplished. This system was not 
designed to separate MB CK and BB CK (both of these iso- 
enzymes appear in the MB CK eluate). 

Biochemical sensitivity of column chromatography: 
The lower analytic sensitivity of MB CK determination was 
examined. First, the ability of the Beckman 25 spectropho- 
tometer to resolve pure nicotinamide adenine dinucleotide, 
in reduced form (NADH) was defined. With use of the ex- 
panded scale, the device could reliably resolve 0.0002 optical 
density units corresponding to an activity of 0.0005 IU/liter. 
Thus, the theoretic lower limit of the spectrophotometer was 
0.5 mIU/ml. Samples of serum were then diluted in 0.05 molar 
Tris with 0.1 percent bovine serum albumin (BSA) and ac- 
tivity was defined. By dilution, a serum with an initial activity * 
level of 2,000 mIU/ml could be diluted by 10 so that 200 
mIU/ml of activity was measured, by 100-fold so that 20 
mIU/ml was measured and by 1,000-fold so that 2 mIU/ml was 
measured; a further dilution of 10- to 10,000-fold resulted in 
no discernible CK activity. In a series of such dilution exper- 


iments with multiple sera, the lower limit of CK activity that 
could be measured was 0.8 IU/liter (0.8 mIU/ml). Thus, the 
lower limit of detection was near the lower limit of detection 
of NADH in the spectrophotometer. 

Precision of the column separation: To assess the re- 
producibility and precision of the MB CK determinations, 
samples were assayed 10 times at low, moderate and high CK 
aetivity levels. In the patient with a low total CK activity level, 
the mean total was 23.8 + 0.19 mIU/ml. In the same samples 
the MB CK level was 2.64 + 0.38 mIU/ml, representing a 
coefficient of variation of 15 percent. The average recovery 
was 108.9 percent. In a patient with moderate total CK activity 
(435.7 mIU/ml), the mean MB CK was 76.3 + 2.5 mIU/ml and 
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the coefficient of variation was 3 percent. Similar results were 
found in patients with increased total CK activity. In general, 


the coefficient of variation was +15 percent when the MB CK - 


activity was less than 10 mIU/ml and +3 percent when it was 
greater than 10 mIU/ml. The recovery after correction for 
dilution was between 90 and 110 percent. Recovery levels 
greater than 100 percent are accounted for by variance in the 
determination of CK activity and the known activation of CK 
on dilution. 

MB CK activity in normal subjects: MB CK activity, 





assayed with column chromatography, was found in the serum . 


of all 19 subjects examined. The total CK activity was 48.3 + 
19.5 mIU/ml (mean + standard deviation) whereas the MB 
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200 < — FIGURE 1. Total CK activity, MB CK and percent MB 
' activity levels in a patient with acute transmural infarction 
160 3 m (top) and a patient with skeletal muscle release of MM CK 
= during an evolving infarction (bottom). Top, the total CK 
I20 X E activity and MB CK activity tend to parallel one another. 
3 4 The percent MB CK increases from a normal value of less 
— < than 3 percent to a range of 4 to 13 percent during the 
80 4 entire observation period. Bottom, in this patient electric 
< cardioversion was performed at 16 hours for acute atrial 
40 ^ fibrillation. After the cardioversion, the MM CK and total 


CK activity levels deviated from the MB CK activity level. 
Accordingly, the percent MB activity decreased as the 
proportion of MM CK increased. At 56 hours the percent 
MB was 2 percent (nondiagnostic) despite a true MB ac- 
tivity of 30 mlIU/ml (6 times normal). 
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CK activity was 2.4 + 0.7 mIU/ml. The mean value (2.4 
mIU/ml) plus 3 standard deviations was taken as the upper 
limit of normal MB CK (5.0 mIU/ml). 

CK activity after transmural myocardial infarction: 
After transmural myocardial infarction MB CK activity 
reached 5 mIU/ml within 4.7 + 1.3 hours (mean + standard 
deviation) after the onset of chest pain. The range was 3 to 7 
hours. The peak MB CK activity was reached in 17 + 4.7 hours 
(range 6 to 28 hours). The time-activity curves of two patients 
with transmural infarction are presented (Fig. 1). In the pa- 
tient with uncomplicated infarction (top), the total and MB 
CK activity levels were parallel. In the second patient (bottom 
panel), direct current cardioversion was performed at 16 
hours, and the MB CK and total CK activity levels diverged, 
presumably in relation to skeletal muscle release of MM CK. 
In a group of 86 patients with acute transmural myocardial 
infarction, the mean peak MB CK activity was 158.2 + 12.6 
mIU/ml (mean + standard deviation), an average 65-fold (650 
percent) increase in MB CK activity over normal (2.4 mIU/ 
ml). 

Comparison of MB CK activity as assessed with column 
chromatography and agarose electrophoresis: Because 
electrophoretic techniques are currently utilized by the ma- 
jority of laboratories measuring CK isoenzymes, we assessed 
the sensitivity level of these techniques and compared it with 
results of separation by column chromatography. The esti- 
mation of MB CK activity by the two procedures is concept- 
ually different (Fig. 2). The electrophoretic process determines 
relative activity by optically scanning the intensity of a protein 
band whereas column chromatography separates the proteins 
and determines activity directly in a spectrophotometer. 'T'he 
agarose electrophoretic svstem in our experiments could not 
reliably visualize CK isoenzymes when the total CK activity 
was less than 50 IU/liter. The lower limit of detection of MB 
CK by agarose electrophoresis was between 3 and 6 mIU/ml, 
depending on assay conditions and an MB CK value of more 
than 3 percent was considered diagnostically increased. 

Serum from a patient with an acute transmural infarction 
was assayed 10 times with both agarose electrophoresis and 
column chromatography (Table I). The values of MB CK 
activity assessed with the agarose system, measured as percent 
MB, ranged from 0 to 4 percent. The total CK activity in this 
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FIGURE 2. Separation of CK isoenzymes by two methods. A, by elec- 
trophoresis. The separated proteins are visualized by performing an 
enzyme reaction on the electrophoretic media. NADH is produced and 
is visualized under fluorescent light. The fluorescent bands are optically 
scanned at 340 manometers. The area under the peaks are integrated 
to give percent isoenzyme activity. B, by ion exchange chromatography. 
Serum is applied to a sephadex minicolumn (5 cm), and the isoenzymes 
are separated by elution in increasing concentration of sodium chloride. 
The separated proteins are assayed directly in a spectrophotometer 
to give CK activity in mIU/ml. 
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sample was 96.7 mIU/ml, which is twice the limit at which the 
electrophoretic procedure is considered sensitive. In the same 
sample, the MB CK activity level assessed with column 
chromatography was 9.5 mIU/ml and ranged between 8.5 and 
10 mIU/ml in the 10 replicates. MB CK estimates obtained 
with the agarose system would have been considered diag- 
nostically abnormal (greater than or equal to 3 percent in only 
2 of the 10 replicates. e 

We then compared percent MB-CK determined with col- 
umn chromatography (MB activity/total CK activity) and 
with agarose electrophoresis in 108 split samples from patients 
with either proved or suspected acute myocardial infarction. 
The correlation coefficient between the two methods was 0.45 
(Fig. 3). The method of agarose electrophoresis is generally 
considered insensitive when the total CK is less than 50 
miU/ml. In 43 split samples with a total CK of less than 50 
mIU/ml, there was no correlation in MB CK analyzed with 
column chromatography and agarose electrophoresis (r — 
0.01), thus confirming the insensitivity of the agarose system 
at this level of total activity. 

To assess the diagnostic utility of estimation of MB CK 
activity using either agarose electrophoresis or column 
chromatography, a series of patients admitted to a triage unit 
were evaluated. These patients, had clinical syndromes 
compatible with myocardial infarction and their initial clinical 
diagnosis was insecure; that is, it was considered essential to 
rule out the possibility of myocardial infarction. Patients with 
S-T segment elevation or new Q waves were excluded. Blood 
was sampled 12 to 16 hours after admission. In 7 of these 17 
patients (41 percent) (Table II), the two measurement pro- 
cedures were diagnostically discrepant. In six of the seven 
patients the MB CK activity determined with column chro- 
matography was increased whereas the percent MB CK was 
normal. In one patient with pulmonary edema, the MB CK 
activity was less then 5 mIU/ml when the percent MB CK 
level was 14 percent. 

Comparison of column chromatography with cellulose 
acetate electrophoresis: The visualization of the MB CK 
activity in normal serum with cellulose acetate electrophoresis 
was impossible without concentrating the sample on Centriflo 
filters. The lowest limit of detection was 12 to 15 mIU/ml MB 
CK, corresponding to a total CK activity of greater than 100 
mIU/ml. Thus, detection of any MB CK activity with cellulose 
acetate electrophoresis should be considered “abnormal.” In 
a group of five patients with acute alcoholism, we compared 


TABLE ! 


Comparison of Serum MB CK Activity in a Patient With 
Acute Myocardial Infarction as Determined With Agarose 
Electrophoresis and lon Exchange Chromatography in 10 
Assays 





MB Units by lon 


Total % MB by Exchange 
CK Activity Agarose Chromatography 

(m!U/ml) Electrophoresis (mIU/ml) 
96 0 9.7 
97 0 10.0 
96 3 9.1 
95 1 9.8 
98 0 8.7 
99 0 11.0 
97 4 10.0 
98 2 9.4 
97 0 9.3 
94 0 9.8 
Mean 1 9.5 
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TABLE Il 
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Comparison of MB CK Activity to Percent MB CK in 17 Equivocal Clinical Cases 
t 


Total CK 
Patient Initial Activity 
no. Diagnosis (mIU/ml) 
o 1 Suspected AMI 136 
2 Chest pain 75 
3 Pulmonary edema 75 
4 Suspected AMI 172 
5 Suspected AMI 70 
6 CHF 59 
7 Chest pain 92 
8 Cardiac arrest 70 
9 Suspected AMI 95 
10 Chest pain 143 
11 CHF 61 
12 Suspected AMI 20 
13 Chest pain 23 
14 Chest pain 17 
15 Suspected AMI 120 
16 Suspected AMI 75 
17 Suspected AMI 47 
Total 


MB CK Activity 
MB CK By Agarose 
Activity Electrophoresis Diagnostically 
by Column (miU/ml) (% MB) Discrepant 
11.9 13 
11.8 0 X 
4.5 14 x 
5.3 10 
3.6 0 
4.2 0 
2.7 0 
10.6 10 
7.6 2 X 
8.9 0 X 
3.7 0 
3.9 0 
2.7 0 
3.6 0 
10.5 0 X 
6.0 0 X 
5.8 0 x 
7/17 
(41%) 





AMI = acute myocardial infarction; CHF = congestive heart failure. 


the assessment of MB CK activity using column chromatog- 
raphy and cellulose acetate electrophoresis (Table III). In 
these cases, MB CK activity assessed with column chroma- 
tography showed only minimal elevations (4.7 to 10.2 mIU/ml) 
whereas the value obtained with electrophoresis suggested 
large concentrations of MB CK (6 to 99 mIU/ml, extrapolated 
from percent MB CK). 
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ELECTROPHORESIS (% MB) 


FIGURE 3. Comparison of MB CK activity assayed by column chro- 
matography (ordinate) and agarose electrophoresis (abscissa). The 
actual units of MB CK activity have been converted to percent MB (MB 
activity/total activity X 100). n = number of determinations; r = cor- 
relation coefficient. 
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Clinical sensitivity of MB CK activity: To assess the 
sensitivity of MB CK activity in the diagnosis of acute myo- 
cardial infarction, 86 patients with definite myocardial in- 
farction were studied. Sensitivity was defined as the number 
of true positive diagnoses divided by the number of patients 
with the disease, that is, those with myocardial infarction.”® 
The categorization of definite myocardial infarction was made 
when there was chest pain with either (1) new Q waves in a 12 
lead electrocardiogram or (2) S-T segment/T-waves changes 
with increased total CK activity, in the absence of known 
events that falsely increase CK activity. When these rigid 
criteria for acute myocardial infarction were applied, the 
sensitivity of MB CK activity assessed with column chroma- 
tography was 100 percent. We observed no patient with def- 
inite acute myocardial infarction whose MB CK activity was 
less than 5 mIU/ml. 

When in a small series of 15 patients we utilized less rigid 
criteria for the presence of myocardial infarction—including 
(1) S-T depression with or without T wave inversion , (2) T 
wave inversion alone, or (3) severe chest pain without elec- 
trocardiographic changes—increased MB CK activity was 
observed in 27 percent. At this time there is no independent 
means of establishing the presence of myocardial infarction 
in such patients. 


TABLE Ill 


Comparison of MB CK Activity With Percent MB CK 
Determined With Cellulose Acetate in Patients With Acute 
Alcoholism 


Case Total CK % MB CK MB CK Activity 
no. (mIU/ml) By Electrophoresis By Column - 
1 426 6% (99)* 8.8 
2 981 4% (158)* 10.2 
3 54 6% (6)* 4.7 
4 197 2% (9)* 5.4 
5 189 6% (25)* 5.5 


* Figures in parentheses indicate calculated activity levels (total CK 
X oercent). 
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TABLE IV 
Diagnostic Specificity of MB CK Activity 
Specificity Patients 
(%) (no.) 

1. Normal population 100 22 

(Table II) 
2. Nonintensive care 

hospitalized patients 100 100 
3. Medical intensive care 

unit patients (Table V) 95 40 


Diagnostic specificity of MB CK activity: To assess the 
diagnostic specificity of MB CK activity determined with 
column chromatography, several classes of patients were ex- 
amined (Tables IV and V). Specificity was defined as the 
number of correct negative tests and was calculated by di- 
viding the number of patients without acute myocardial in- 
farction who had an MB CK activity level of less than 5.0 by 
the total number of patients without acute infarction.?9 In a 
group of 19 normal subjects without known disease, the MB 
CK activity level was consistently less than 5.0 mIU/ml. In 100 
patients admitted to a general medical ward with a variety of 
illnesses exclusive of acute chest pain, the MB CK activity was 
again consistently less than 5.0. 

Patients admitted to medical or coronary intensive care 
units frequently provide diagnostic confusion. A group of 40 
such patients admitted to a medical intensive care unit were 
studied at random (Table V). Only 5 percent (2 of 40) had an 
MB CK activity level over 5 mIU/ml. One patient (x-1) had 
had a cardiac arrest, hypotension and cardioversion without 
electrocardiographic or ventriculographic evidence of myo- 
cardial infarction. Cardiac catheterization in this patient re- 
vealed normal coronary arteries and mitral valve prolapse. 
The second patient (x-9) had acute leukemia, septicemia and 
diffuse intravascular coagulation. Autopsy demonstrated 
myocardial infiltration of leukemic cells. 'T'he necrosis asso- 
ciated with myocardial infarction cannot be distinguished by 
MB CK activity from necrosis precipitated by other forms of 
myocardial injury with or without hypotension. 

Measurement of infarct size by MB CK: Infarct size was 
estimated by analysis of serial serum CK changes.?*?? The 
estimate of CK infarct size was performed utilizing both total 
CK and MB CK. The average infarct size utilizing the MB CK 
isoenzyme in the population of 86 patients with definite acute 
myocardial infarction was 82.4 + 6.6 (mean + standard de- 
viation), with a range of 3 to 330 CK-g-Eq. The correlation 
coefficient between peak MB CK and MB CK infarct size 
estimated from the one compartment model was 0.94 (Fig. 4). 
The correlation coefficient between infarct size determined 
from total CK and that determined from MB CK was 0.81. 


Discussion 


Various assay systems for MB CK activity: MB 
CK activity is determined with several techniques.5-!! 
Each method has advantages and limitations so that 
there has not been universal acceptance of any one as 
a standard technique, although electrophoretic sepa- 
ration has most frequently been used. The primary 
limitations of these methods relate to the degree of 
separation of the proteins and the sensitivity of mea- 
surement of the activities of the separated fractions. 
Because of differing analytic characteristics of the 
avallable assay systems and because the newer tech- 
niques are increasingly sensitive to small amounts of 
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FIGURE 4. Comparison of peak MB CK activity (mIU/ml) (ordinate) to 
infarct size (IS) estimated from serial MB CK activity levels (CK-g-Eq) 
(abscissa). The regression equation is peak MB CK = 10.1 + 1.8 X 
CK-IS, r = 0.94. 


MB CK, the clinical sensitivity, specificity and biologic 
behavior of MB CK activity must be redefined for each 
assay procedure. 

The assessment of MB CK activity after separation 
on Sephadex mimicolumns is a sensitive and precise 
method. The assay has a lower limit of detection of 0.8 
mIU/ml with a precision of +15 percent when the MB 
CK activity is less than 10 mIU/ml and +3 percent when 
the activity is greater than 10 mIU/ml. Previous de- 
seriptions of ion exchange systems have indicated 
variable analytic sensitivity. The sensitivity reported 
by various authors was 12,!! 1,2! 8,!8 427 and 219.20 
mIU/ml. The analytic sensitivity of cellulose acetate 
electrophoresis with fluorescent scanning is 10 to 15 
mIU/ml. The sensitivity of agarose electrophoresis with 
fluorescent scanning is 2 to 6 mIU/ml.” Thus, com- 
parison of the clinical sensitivity and specificity of MB 
CK activity must be made in light of a 12-fold variation 
in analytic sensitivity afforded by the various assay 
svstems. 

Advantage and disadvantage of various assay 
systems: A major advantage of electrophoretic systems 
is complete resolution of isoenzymes into discrete bands. 
A potential disadvantage of separation on Sephadex 
celumns is overlap of MM CK into the MB eluate, giv- 
ing a false impression of increased MB CK activity. 
Morin?’ has demonstrated that previous ion exchange , 
systems suffered significantly from such overlap when 
MM CK activities were greater than 800 mIU/ml. Any 
overlap is potentially serious because small elevations 
of MB CK (that is, 5 to 20 mIU/ml) could be falsely 
produced by MM carry-over into the MB CK fractions. 
In the current system we observed no overlap of MM 
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TABLE V 
Diagnostic Specificity of MB CK Activity in Patients in Medical Intensive Care Unit 
LI Total 
Patient CK MB CK 
no. Diagnosis (mIU/ml) mlU/ml) 
A. Acute Illnesses 
* 4. Cardiac arrest, hypotension, mitral valve prolapse, defibrillation 44 hours before blood sampling 366. 1 23.5 
2. Cardiovascular accident, lumbar puncture, diabetes mellitus 23.2 1.3 
3.  Self-poisoning 83.2 1.4 
4. Acute pneumothorax 24.4 1.7 
5. Hypotension, fever with leukocytosis 64.3 2.7 
6. Epidural hematoma secondary to trauma 25.7 0.5 
7. Fever leukocytosis: pericardial effusion 25.7 1.3 
8. Septic shock, malignant thymona 13.5 1.8 
9. Acute myelocytic leukemia, staphylococcal sepsis, diffuse intravascular coagulation, hypothermia 944.6 14.9 
10.  Self-poisoning 31.1 2.3 
11.  Self-poisoning 155.0 3.2 
12. Pulmonary edema 61.0 4.5 
13. | Congestive heart failure 59.0 4.3 
14. Congestive heart failure 61.0 3.7 
15. Congestive heart failure 23.0 2.7 
16. Congestive heart failure 17.0 2.5 
17. Gangrene 2.0 3.2 
18. IgA myeloma, hyperviscocity 49.5 1.7 
19.  Addison's disease, diabetes mellitus, hypertension, craniotomy 57.2 2.1 
20.  Amyotrophic lateral sclerosis, tracheostomy 12.2 2.1 
21. Back and abdominal pain 31.0 2.7 
22. Congestive heart failure 14.0 1.8 
23. Congestive heart failure 49.0 2.2 
24. Vascular disease 33.0 2.9 
25. Metastatic breast carcinoma 10.0 1.1 
26.  Pancytopenia 20.0 1.0 
27. | Vascular disease 45.0 3.2 
28. Peripheral vascular disease 41.0 4.0 
29. Pulmonary edema 30.0 3.4 
30. Metastatic prostate cancer, prostatic resection 18.7 0.7 
31. Hyperthyroidism 12.9 4.1 
32. Lymphoma 21.9 0.7 
33. Multiple myeloma, pancytopenia 38.6 1.25 
34. Multiple sclerosis (respiratory arrest, defibrillation 36 hours before blood sampling) 14.8 1.3 
35. Chronic renal failure 79.1 1.15 
36. Systemic lupus erythematosus, chronic renal failure 92.8 1.4 
37. Peripheral vascular disease 37.0 2.9 
38. Breast carcinoma metastatic to lung 16.0 1.1 
39. Pancytopenia 19.0 1.0 
40. Peripheral vascular disease 36.0 4.0 
B. Acute Arrhythmias 
Case Admission Post-Treatment 
no. Diagnosis Total CK MB CK Treatment Total CK MB CK 
1 Atrial fibrillation 10.0 1.0 Digitalis 21.9 0.75 
2 Atrial fibrillation 38.6 1.3 Digitalis 32.4 1.8 
3 Atrial fibrillation 25.2 LI Digitalis 20.2 1.5 
4 Atrial fibrillation 48.2 1.2 Cardioversion 22.9 2.0 
5 Atrial fibrillation 25.1 1.9 Digitalis 18.1 1.6 
6 Ventricular tachycardia 33.0 4.0 Lidocaine 40.0 3.0 


CK into the MB fraction over a range of 0 to 2,000 
mIU/ml (0 to 18,000 mIU/ml with appropriate dilu- 
tion). 

Despite high resolution, electrophoretic systems are 
relatively insensitive. Moreover, such systems are 
nonlinear, have coefficients of variation of +25 percent?’ 
and often overestimate MB CK activity.?^?? Activity 
is often reported as percent of total rather than actual 
units of enzyme activity, and this further hinders proper 
interpretation. Moreover, these procedures must be 
performed as a batch process and analysis of individual 
samples is impractical. Column chromatographic sys- 
tems can be run rapidly both in batches and as single 
samples so that sera can be assayed at any time. 


MB CK activity of normal sera: Normal serum 
consistently contains MB CK activity when assayed 
with ion exchange procedures. Several authors!5-?1.29 
have demonstrated MB CK activity in the serum of 
normal subjects. Electrophoretic systems in which 
isoenzyme activity is determined by elution? also con- 
sistently demonstrate MB CK activity in normal serum. 
However, the more commonly used electrophoretic 


procedures,?? which rely on less sensitive fluoresceht | 
visualization of the isoenzymes, do not demonstrate MB © 


CK activity in normal serum. Thus, MB CK activity is 
present in normal serum and the commonly held view 
that it is typically absent from such serum arises from 
observations with insensitive assay procedures. 'The 
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source of the MB CK activity in the serum of healthy 
normal subjects is unknown, and may represent either 
turnover of myocardial cells or noncardiac release of 
similar proteins. 

Diagnostic sensitivity of MB CK activity in acute 
myocardial infarction: Determination of the diag- 
nostic sensitivity of a laboratory test requires accurate 
independent evaluation of patients with the disease.?6 
To discern the diagnostic sensitivity of serum MB CK 
activity, a population of patients with independently 
verifiable myocardial infarction must be defined. Tra- 
ditionally, two methods have been used to identify pa- 
tients with myocardial infarction: necropsy analysis and 
the development of new Q waves on serial electrocar- 
diograms. When myocardial infarction is defined by new 
Q waves, the sensitivity of MB CK measured with our 
ion exchange system is 100 percent, a finding consistent 
with the observations of others.!5-?! Thus, in the 200 
reported cases of definte acute myocardial infarction 
(including our 86 cases) the diagnostic sensitivity of 
increased MB CK activity determined with ion ex- 
change chromatography is 100 percent. In a similar 
group of patients studied with agarose electrophoresis 
the sensitivity levels reported by three groups of in- 
vestigators!®#0.3! were 95, 100 and 67 percent, respec- 
tively. In the one reported autopsy series of 11 cases?? 
MB CK activity consistently correlated with histologic 
observations of myocardial necrosis. Thus, in proved 
myocardial infarction the clinical sensitivity of MB CK 
activity determined with column chromatography is 100 
percent, and approaches 100 percent with other mea- 
surement systems. 

Estimating the diagnostic sensitivity of MB CK ac- 
tivitv in patients with a chest pain syndrome without 


corroborating evidence of evolutionary Q waves is dif- 
ficult because acceptable independent verification of 
infarction is not possible. Moreover, such patients are 
rarely available for autopsy. Patients who demonstrate 
S-T segment elevation alone, S- T segment depression 
alone, isolated T wave inversion or spontaneous cardiac 
arrest and sudden pulmonary edema frequently present 
diagnostic dilemmas in which confirmation of myo- 
cardial necrosis is sought. Our observations, which are 
consistent with those of other observers,!6 indicate that 
there is a substantial incidence of increased MB CK 
activity in these syndromes. 

Specificity of MB CK activity: Despite the in- 
creasing diagnostic sensitivity afforded by column 
chromatographic assay of MB CK activity, there ap- 
pears to be little loss of specificity. Results from!? nor- 
mal subjects and 100 randomly selected hospitalized 
patients consistently demonstrated an MB CK activity 
level of less than 5 mIU/ml (100 percent specificity). Of 
40 patients in a medical intensive care unit, 2 demon- 
strated increased MB CK activity, and both had rea- 
sonable evidence of myocardial necrosis. Other inves- 
tigators have elucidated the specificity of this protein 
in a variety of clinical states.®*3°-°6 This assay does not 
separate MB CK from BB CK activity. In most in- 
stances this affords little disadvantage because active 
BB CK rarely appears in serum. In the rare circum- 
stances in which BB CK activity is possible (suspected 
prostatic carcinoma, for example), electrophoretic 
procedures are necessary. In instances of suspected 
ischemic heart disease where speed and quantitation are 
desirable, column chromatographic procedures offer a 
sensitive and specific technique conducive to automa- 
tion. 
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Prostaglandin E, was used to treat five infants with d-transposition of the 
great arteries and intact ventricular septum who had persistent severe 
hypoxemia after the creation of an interatrial communication. Three infants 
had a dramatic improvement in systemic arterial oxygen saturation as- 
sociated with dilation of the ductus arteriosus; in two of the three cases 
urgent surgery was avoided. Two infants had no clinical evidence of in- 
creased ductal shunting and no improvement in oxygen saturation. A trial 
of prostaglandin E, is recommended for treatment of severe hypoxemia 
in infants with d-transposition of the great arteries with intact ventricular 
septum if the presence of a large atrial septal defect is established. 


Prostaglandin E;* has been shown to be a potent dilator of the ductus 
arteriosus.! ? It has been used to dilate the ductus arteriosus and thereby 
increase pulmonary blood flow and systemic arterial oxygen saturation 
in infants with pulmonary stenosis or atresia in whom adequate pul- 
monary blood flow is dependent on patency of the ductus.^-? It has also 
been shown to be effective in infants with interruption of the aortic arch 
whose systemic blood flow is dependent on patency of the ductus arte- 
riosus.?.!? Two reports*!! have suggested the beneficial effect of pros- 
taglandin E; infusion in infants with d-transposition of the great arte- 
ries. 

We have recently used prostaglandin E, in five newborns with d- 
transposition of the great arteries and intact ventricular septum. Each 
infant had low systemic arterial oxygen saturation after creation of an 
interatrial communication. In three of the infants, prostaglandin E; 
infusion through an umbilical arterial catheter or a peripheral venous 
line resulted in improvement in systemic arterial oxygen saturation. 


Case Reports 


Case 1 


This newborn was the 2,950 g product of an uncomplicated term pregnancy. 
Increasing cyanosis was observed during the Ist day of life, and she was trans- 
ferred to Children’s Hospital Medical Center, Boston, at age 24 hours. Physical 
examination revealed a markedly cyanotic infant in no distress. The pulse rate 
was 160/min, the respiratory rate 64/min and the systolic blood pressure 65 mm 
Hg in the right arm and 70 mm Hg in the right leg. The lungs were clear to aus- 
cultation. There was a quiet precordium. Both the first and second heart sounds 
were single. There was a grade 2/6 short systolic ejection murmur at the upper 
left sternal border. There was no hepatomegaly, and peripheral pulses were 
normal. A chest X-ray film showed a normal heart size and normal pulmonary 
vascularity. An electrocardiogram showed right axis deviation and right ven- 
tricular hypertrophy. Arterial oxygen tension (POs) was 26 torr in room air with 
no change in 100 percent oxygen. 

Emergency cardiac catheterization revealed d-transposition of the great 
arteries with an intact ventricular septum, a patent foramen ovale, a small patent 
ductus arteriosus and a right aortic arch. Systolic pressure in the left ventricle 
was approximately two thirds of simultaneous systemic systolic pressure and, 





* Prostaglandin E; is a phase Il drug undergoing clinical trials and has been made available 
to us by The Upjohn Company, Kalamazoo, Michigan. We thank them for their assistance 
with our ongoing work. Inquiries concerning the availability of prostaglandin E; should be 
directed to Sharon Reischer, Medical Research Coordinator, The Upjohn Company. 
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although the pulmonary artery was not entered, there was no 

Wngiographic evidence of pulmonary stenosis. A balloon atrial 
septostomy was performed with a no. 5F Edwards septostomy 
catheter (Edwards Laboratories, Santa Ana, California) filled 
to 4 ec, which resulted in an insignificant increase in PO» from 
24 to 27 torr. Four hours after catheterization, the PO» re- 
mained less than 30 torr. 

Prostaglandin E; was infused at a dose of 0.1 ug/kg per 
min through an umbilical arterial catheter positioned at the 
level of the ductus arteriosus. There was an immediate in- 
crease in the intensity of the murmur to grade 4/6 and an in- 
crease in PO» to 38 torr in room air. Prostaglandin E; was 
continued for 80 hours with maintenance of PO» at 35 to 45 
torr. After discontinuation of prostaglandin E;, PO»; was 
maintained at more than 30 torr. There was no murmur of a 
patent ductus arteriosus. The patient was discharged; she 
thrived at home. 

A repeat cardiac catheterization at age 7 months revealed 
d-transposition of the great arteries with intact ventricular 
septum, no patent ductus arteriosus, a right aortic arch and 
left ventricular pressure one third of systemic systolic pres- 
sure. There was good interatrial mixing, and systemic oxygen 
saturation was 73 percent. At age 7 1/2 months she underwent 
corrective surgery with the placement of an intraatrial baffle 
employing Brom's modification of the Senning procedure.!? 
At age 15 months, the patient is asymptomatic and receiving 
no medication. 


Case 2 


This newborn was the 3,260 g product of an uncomplicated 
term pregnancy. Increasing cyanosis was observed during the 
first day of life, and she was transferred to Children's Hospital 
Medical Center, Boston, at 36 hours of age. Physical exami- 
nation revealed a cyanotic infant in no distress. The pulse rate 
was 160/min, the respiratory rate 60/min and the systolic 
blood pressure 60 mm Hg in the right arm. The lungs were 
clear to auscultation. There was a quiet precordium. The first 
heart sound was normal; the second sound was single. No 
murmur was noted. There was no hepatomegaly, and the pe- 
ripheral pulses were normal. A chest X-ray film revealed mild 
cardiomegaly and slightly increased pulmonary vascularity. 
An electrocardiogram indicated right axis deviation and right 











TABLE ! 
Case 2. Cardiac Catheterization Data 
Balloon Atrial Septostomy With 
Before After PGE, 
Oo sat (96) 
SVC 24 30 38 
RA 34 61 87 
RV 42 
Ao 44 56 72 
LA 98 93 99 
LV 98 92 97 
Pressure 
(mm Hg) 
A (7) (4) (7) 
RV 63/7 
Ao 63/40 76/50 78/48 
LA (8) (4) (7) 
LV 49/6 48/8 54/7 


Figures in parentheses are mean pressures. 

Ao = descending thoracic aorta; LA = left atrium; LV = left ventricle; 
O» sat (oxygen saturation at room air)(FIO = 0.21); PGE; = during 
infusion of prostaglandin E, at 0.1 ug/kg per min; RA = right atrium; 
RV = right ventricle; SVC = superior vena cava. 
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ventricular hypertrophy. A two dimensional echocardiogram 
performed from the subxiphoid position revealed d-trans- 
position of the great arteries with intact ventricular septum, 
a patent foramen ovale and a small patent ductus arteriosus. 
Arterial PO» was 25 torr in room air. 

Emergency cardiac catheterization revealed d-transposi- 
tion of the great arteries with intact ventricular septum, a 
patent foramen ovale, a small patent ductus arteriosus, and 
left ventricular pressure two thirds of systemic systolic pres- 
sure with no angiographic evidence of pulmonary stenosis 
(Table D. A balloon atrial septostomy was performed with a 
no. 5F Edwards septostomy catheter filled to 4 cc, which re- 
sulted in an increase in PO; from 25 to 30 torr. A repeat two 
dimensional echocardiogram revealed a moderate-sized in- 
teratrial communication with a flail septum primum (Fig. 
1). 





FIGURE 1. Case 2. Two dimensional echocardiograms of the atrial 
anatomy, before (top) and after (bottom) balloon atrial septostomy. 
Ant-inf — anterior-inferior; Arrowhead — septum primum within foramen 
ovale; C = catheter within right atrium; Double arrows = interatrial 
communication; LA — left atrium; It — left; post-sup — posterior-su- 
perior; RA = right atrium; rt = right. 
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When prostaglandin E was infused at a dose of 0.1 ug/kg 
per min through an umbilical arterial catheter positioned 
at the level of the ductus arteriosus, PO» increased to 40 torr. 
A repeat aortogram showed marked dilation of the patent 
ductus arteriosus with increased shunting from the aorta to 
the pulmonary artery. The prostaglandin E, infusion was 
continued for 24 hours with maintenance of PO» at more than 
40 torr in 30 percent oxygen. After discontinuation of pros- 
taglandin E;, PO» decreased to 24 torr. Reinfusion of prosta- 
glandin E; at 0.005 ug/kg per min for 72 hours maintained PO, 
at more than 35 torr. Once again, infusion of prostaglandin E; 
was discontinued and PO» decreased to 28 torr. Prostaglandin 
E; was infused at 0.002 ug/kg per min for 144 hours with PO; 
at more than 40 torr. PO» decreased to 30 torr after discon- 
tinuation of prostaglandin E;. 

At age 22 days (10 days after prostaglandin E, was discon- 
tinued), the infant underwent a Senning procedure and liga- 
tion of the ductus arteriosus under deep hypothermic circu- 
latory arrest. Her postoperative course was uncomplicated. 
At age 5 months, she is asymptomatic and receiving no med- 
ication. 


Case 3 


This newborn was the 3,175 g product of a term pregnancy 
complicated by maternal hypertension. The child was trans- 
ferred to Children's Hospital Medical Center, Boston, at age 
12 hours because of cyanosis and respiratory distress. Physical 
examination revealed a markedly cyanotic infant who was 
intubated and in moderate respiratory distress. The pulse rate 
was 130/min and the systolic blood pressure 60 mm Hg in the 
right arm and 80 mm Hg in the left leg. The lungs were clear 
to auscultation. There was a quiet precordium. The first heart 
sound was normal; the second sound was single. There was a 
grade 2/6 short systolic ejection murmur at the upper left 
sternal border. There was no hepatomegaly, and peripheral 
pulses were normal. A chest X-ray film revealed mild car- 
diomegaly and slightly increased pulmonary vascularity. An 
electrocardiogram revealed right axis deviation and right 
ventricular hypertrophy. Arterial POs was 24 torr in room air 
and 30 torr in 100 percent oxygen. 


pO» IN RELATION TO PGE, (CASE 3) 


pO» (torr) 
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Emergency cardiac catheterization revealed d-transposi- 
tion of the great arteries with intact ventricular septum, 
patent foramen ovale, a small patent ductus arteriosus, a i 
left ventricular pressure equal to systemic systolic pressure 
with no angiographic evidence of pulmonary stenosis. A bal- 
loon atrial septostomy was performed with a no. 5F Edwards 
septostomy catheter filled to 4 cc, which resulted in an increase 
in PO» from 20 to 40 torr. A two dimensional echocardiogram 
revealed a large interatrial communication. There was a 
gradual decrease in PO; to 20 torr over the next 48 hours. 

Prostaglandin E; was infused through a peripheral vein 
at a dose of 0.1 ug/kg per min. There was an immediate in- 
crease in PO» (Fig. 2). Prostaglandin E; was continued for 4 
days; PO» remained more than 40 torr. On discontinuation of 
the infusion, PO» decreased to 27 torr. With reinstitution of 
prostaglandin E;, PO; again increased to 40 torr. Prosta- 
glandin E; infusion was discontinued at age 10 days because 
of a large local accumulation of interstitial fluid secondary to 
intravenous line infiltration. On this occasion, PO» decreased 
over a period of 48 hours to 30 torr. Prostaglandin E, was 
reinfused; PO» increased to more than 40 torr. Over the first 
2 weeks of life, the patient gained 400 g and became markedly 
edematous. A third attempt to wean the patient from pros- 
taglandin E, was unsuccessful. 

At age 15 days, a Senning procedure and ligation of the 
patent ductus arteriosus were performed using deep hypo- 
thermia and circulatory arrest. At operation, marked edema 
and friability of all tissues were noted. After operation, the 
infant had low cardiac output, pulmonary insufficiency and 
renal failure. He died on the 5th postoperative day. Post- 
mortem examination of the heart revealed d-transposition of 
the great arteries with intact ventricular septum, adequate- 
sized and unobstructed pulmonary venous and systemic ve- 
nous atrial chambers and a small communication across the 
interatrial baffle. 


Case 4 


This newborn was the 3,130 g product of an uncomplicated 
term pregnancy. At age 18 hours she underwent cardiac 
catheterization because of severe hypoxemia. This revealed 


PGE; 
(ug /kg/min) 


FIGURE 2. Case 3. Response of arterial oxygen ten- 
sion (pO;5) in relation to the prostaglandin (PG)E, 
infusion (shaded areas). BAS = balloon atrial sep- 
tosomy 
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d-transposition of the great arteries with intact ventricular 
septum, a patent foramen ovale, a small patent ductus arte- 
riosus and left ventricular pressure two thirds of systemic 
pressure. A balloon atrial septostomy, performed with the 
balloon filled to 3 cc, resulted in an increase in PO» from 20 
to 30 torr. During the next 4 days, PO» ranged from 12 to 31 
i gm At age 5 days, the infant was transferred to Children's 

ospital Medical Center, Boston. Arterial PO» was 21 in 100 
percent oxygen. A two dimensional echocardiogram revealed 
d-transposition of the great arteries with intact ventricular 
septum, a small interatrial communication partially occluded 
by septum primum, no left ventricular outflow tract ob- 
struction and no patent ductus arteriosus. 

The patient was taken to the operating room and a Bla- 
lock-Hanlon atrial septectomy was performed. Immediately 
postoperatively, PO» increased to 44 torr (in 100 percent 
oxygen). Six hours postoperatively, however, it decreased to 
less than 20 torr (in 100 percent oxygen). Prostaglandin E; was 
infused at 0.1 ug/kg per min for 45 minutes with no significant 
effect on PO». No murmurs were heard, and the arterial pulse 
pressure was unchanged. Over the next 3 days, PO» slowly 
increased to more than 30 torr (in 30 percent oxygen). The 
infant was discharged from the hospital; it is planned that she 
will undergo elective surgery at age 6 months. 


Case 5 


This newborn was the 3,940 g product of an uncomplicated 
term pregnancy. At age 15 hours he underwent cardiac cath- 
eterization because of severe hypoxemia. This revealed d- 
transposition of the great arteries with intact ventricular 
septum, a patent foramen ovale and left ventricular pressure 
equal to systemic pressure with no angiographic evidence of 
pulmonary stenosis. No patent ductus arteriosus was seen in 
a left ventricular cineangiogram. A balloon atrial septostomy, 
performed with the balloon filled to 2.5 cc, resulted in an in- 
crease in arterial oxygen saturation from 31 to 56 percent. At 
age 3 days, the infant was transferred to Children's Hospital 
Medical Center, Boston because of recurrent hypoxemia. 
Arterial POs was 20 torr in room air. A two dimensional 
echocardiogram revealed d-transposition of the great arteries 
with intact ventricular septum, a moderate-sized interatrial 
communication with a flail septum primum, no left ventricular 
outflow tract obstruction and no patent ductus arteriosus. 

At age 5 days, because of persistent hypoxemia (PO» less 
than 20 torr), prostaglandin E, was infused at a dose of 0.1 
ug/kg per min through an umbilical arterial catheter. There 
was no change in POs, and no murmur appeared. Arterial 
blood pressure decreased from 101/67 to 87/55 mm Hg and the 
prostaglandin E; infusion was discontinued after 1 hour. Over 
the next 5 days, PO» remained at less than 25 torr. A repeat 
echocardiogram showed a small interatrial communication. 
At age 11 days, a Blalock-Hanlon atrial septectomy was per- 
formed. Postoperatively, PO» increased to more than 30 torr 
in room air. Elective surgical repair is planned for the infant 
at age 6 months. 


Discussion 


D-transposition of the great arteries with intact 
ventricular septum is one of the most common forms of 
cyanotic congenital heart disease presenting in the 
newborn period.!? Current recommendations for 
treatment are the creation of an interatrial communi- 
cation by balloon atrial septostomy at the time of pre- 
sentation, followed by a definitive surgical procedure 
sometime before age 1 year. With such an approach, the 
1-year survival rate approaches 85 percent.!^ At Chil- 
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dren’s Hospital Medical Center, Boston, we have used - 


this approach with highly favorable results.!? However, 
we have found that in a small group of infants hypox- 


emia persists despite an apparently good balloon atrial — 
septostomy. In this situation surgical septectomy usu- — 
ally does not relieve the hypoxemia. When these infants - 
are subjected to definitive surgical procedures in the . 


newborn period their mortality is greater than that of - 


infants and children undergoing elective surgery at an 
older age.!? Two recent developments have altered the 
approach to these patients at our institution: the ability 
to evaluate the adequacy of the balloon atrial septos- 
tomy and the use of prostaglandin E+. 

Two dimensional echocardiography to evaluate 
the adequacy of balloon atrial septostomy: When 


performed from the subxiphoid position, two dimen- - 
sional echocardiography allows reliable visualization of © 
the entire interatrial septum.!® If hypoxemia persists - 


after the performance of a balloon atrial septostomy, 
and if an echocardiographic image of the atrial septum 
reveals a small communication, then a surgical septec- 


tomy would be expected to improve the patient's con- - 


dition. However, if hypoxemia persists after the per- 


a -—— 


formance of a balloon atrial septostomy and if an. 


echocardiographic image of the atrial septum reveals 
a moderate to large interatrial communication, then the 
hypoxemia cannot be attributed to an inadequate de- 
fect, and palliative surgery is unlikely to benefit the 
patient. 

Use of prostaglandin E, in cyanotic congenital 
heart disease: This treatment has had dramatic ben- 


eficial effects in neonates whose pulmonary blood flow : 
is dependent on patency of the ductus arteriosus. In- 


these neonates, prostaglandin E, causes dilatation of 


the ductus with an increase in the total pulmonary blood | 


flow and, therefore, in the systemic arterial oxygen 


saturation. It seemed reasonable that patients with. 


d-transposition of the great arteries and intact ven- 


tricular septum might similarly benefit from the use of 
prostaglandin E;. Dilatation of the ductus arteriosus 
would presumably result in increased pulmonary blood - 
flow. Mair and Ritter!’ suggested that increased pul- 
monary blood flow will result in increased intercircu- | 
latory mixing at the atrial level and an improvement in. 


systemic arterial oxygen tension. If an adequate inter- 
atrial communication exists, and if the total right to left 
and left to right shunts must be equal in transposition, 
then an obligatory left to right shunt at the level of the 
patent ductus arteriosus (aorta to pulmonary artery 
because systemic vascular resistance is greater than 
pulmonary vascular resistance) would result in an 
obligatory left atrial to right atrial shunt. This combi- 
nation of increased pulmonary blood flow and higher 
right atrial oxygen saturation would result in a higher 
systemic oxygen tension (Fig. 3). d 
An alternative explanation for improved systemic 
arterial oxygen saturation during prostaglandin E; 
infusion is that prostaglandin E; reduces pulmonary 
vascular resistance and, thus, increases pulmonary: 
blood flow. It is well established that prostaglandin E; 


is a potent dilator of the pulmonary vascular bed in 
| 
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"IGURE 3. Diagrams showing intercirculatory mixing in d-transposition 
»f the great arteries with intact ventricular septum. Left, with only an 
nteratrial communication, there is equal right to left and left to right 
shunting at the atrial level. Right, with an interatrial communication, 
1 patent ductus arteriosus and pulmonary vascular resistance less than 
systemic vascular resistance, there is aorta to pulmonary artery shunting 
and an obligatory equal amount of left atrial to right atrial shunting. Ao 
= aorta; LA = left atrium; LV = left ventricle; PA = pulmonary artery; 
»DA = patent ductus arteriosus; PV = pulmonary veins; RA = right 
atrium; RV = right ventricle; SV = systemic veins. 


rabbits, dogs, swine and lambs!? as well as in healthy 
adult men.!? In d-transposition of the great arteries with 
intact ventricular septum, a lesser pulmonary vascular 
resistance might decrease left ventricular afterload and 
might also result in an increase in pulmonary blood 
flow. 

Evaluation of treatment in the five cases: The 
reason for improvement after prostaglandin E; infusion 
in our patients cannot be determined with certainty. In 
Case 1, it seems reasonable to assume that the initial 
improvement was based on ductal dilatation with in- 
creased total pulmonary blood flow and a secondary 
increase in interatrial mixing. After discontinuation of 
prostaglandin E;, there was no longer evidence of ductal 
shunting, but satisfactory arterial oxygen saturation 
persisted. Such a result is compatible with decreasing 
pulmonary resistance and increasing pulmonary blood 
flow during the 1st week of life. Repeat catheterization 
at age 7 months confirmed the closure of the ductus 
arteriosus and normal pulmonary resistance. The 

prostaglandin E; thus supported the patient over sev- 
eral critical days, obviating the need for early surgical 
intervention. 

The effect of prostaglandin E, in Case 2 seems to 
have been similar to that in Case 1. The initial im- 

‘provement in systemic arterial oxygen saturation was 
associated with ductal dilation and increased aorta to 
pulmonary artery shunting (shown angiographically). 
However, on the three occasions that the prostaglandin 
E was discontinued, systemic arterial oxygen saturation 
decreased to preinfusion levels. We do not know 
whether the failure to maintain adequate oxygenation 
resulted from a persistent elevation of pulmonary vas- 
cular resistance or was due solely to poor intercircula- 
tory mixing at the atrial level in the absence of a sig- 
nificant ductal shunt. Although this infant had surgical 


-— 
80 . July 1979 The American Journal of CARDIOLOGY Volume 44 


repair during the initial hospitalization, the procedure 
was earried out at age 22 days rather than at age 36 ( 1 
hours. 

The third case is more difficult to evaluate. The re- 
sponse to prostaglandin E; was unequivocal on four 
occasions (Fig. 2) but there was never clinical evidence 
of a large ductal shunt. Although it is reasonable fo 
postulate that the improvement in systemic arterial 
oxygen saturation was due solely to a decrease in pul- 
monary vascular resistance, significant ductal flow re- 
mains the most likely explanation. This patient required 
discontinuation of prostaglandin E; support and sur- 
gical intervention at age 15 days because we feared 
prostaglandin E; had led to severe fluid retention. Al- 
though the surgical repair was satisfactory, the patient 
died 5 days later. This patient received prostaglandin 
F4 for a longer period (13 days) than any other patient 
in our experience, and the fluid retention and tissue 
friability may be related to duration of treatment or to 
the total dose of prostaglandin E;. However, other in- 
fants have been reported!!?? to have taken prosta- 
glandin E; for considerably longer periods of time 
without significant ill effects. In addition, no similar 
episode was observed among the first 270 neonates in 
the United States treated with prostaglandin E; (per- 
sonal communication, Sharon L. Reischer, The Upjohn 
Company). 

Patients 4 and 5 showed no improvement in systemic 
arterial oxygen saturation while they were receiving 
prostaglandin E;. There were no clinical manifestations 
of ductal shunting. Both infants were transferred to our 
institution after initial management at other hospitals. 
In one, the ductus arteriosus was not seen at the first 
catheterization and, in the other, it may have closed in 
the 4 days between the catheterization and the admin- 
istration of prostaglandin E;. 

The status of the interatrial communication in Pa- 
tient 5 merits additional comment. On initial two di- 
mensional echocardiographic evaluation at our insti- 
tution, the interatrial communication appeared to be 
of adequate size. Accordingly, when hypoxemia per- 
sisted, the infant was given a trial of prostaglandin E;. 
There was no increase in oxygen saturation and no ev- 
idence of ductal shunting. When serial echocardiograms 
suggested that the atrial defect was small, a Blalock- 
Hanlon septectomy was performed with an improve- 
ment in oxygenation. Although it is unlikely that the 
prostaglandin E; caused any increase in pulmonary 
blood flow (either through increased ductal shunting 
or decreased pulmonary resistance), it is possible that 
such an effect did occur; if so, perhaps the systemic ar- 
terial oxygen saturation did not increase because of a 
restrictive interatrial communication. Indeed, it would 
seem possible that deleterious effects could result from 
inereased pulmonary venous pressure if there were a 
large pulmonary blood flow and a restrictive atrial de- 
feet. 

Site of prostaglandin E, infusion: During this 
study, prostaglandin E; was infused through an um- 
bilical arterial catheter positioned at the level of the 
ductus arteriosus and through peripheral venous lines. 


— 





£ Early experience with prostaglandin E; suggested that 
intraarterial infusion at the site of the ductus arteriosus 
was preferable in order to provide the highest concen- 
tration of prostaglandin E; to the ductus arteriosus, to 
allow for rapid inactivation of the drug by the lungs and 
to reduce side effects in the central nervous system.’ 
Ofr own experience in 32 infants as well as that of oth- 
ers?! does not support this view. We have not seen à 
relation between the site of infusion and its efficacy or 
the appearance of adverse reactions. Because of the 
potential for difficulties should a peripheral intravenous 
line infiltrate, we recommend that a secure central ve- 
nous line be employed if the venous route of adminis- 
tration is elected. 
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Therapeutic recommendations: On the basis of our 
experience with these five infants, we recommend the 
use of prostaglandin E; in infants with d-transposition 
of the great arteries and intact ventricular septum when 
there is severe hypoxemia or acidosis, or both, after the 
creation of an adequate interatrial communication and 
when an open ductus arteriosus can be demonstrated. 
If the interatrial defect is small after balloon atrial 
septostomy, surgical creation of an interatrial commu- 
nication should be undertaken before treatment with 
prostaglandin E;. If prostaglandin E; leads to im- 
provement in clinical status, the treatment should be 
continued for as short a time as possible to allow for the 
normal decrease in pulmonary resistance. 
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Recent reports suggest that peak left ventricular systolic pressure can 
be estimated from the echocardiogram. This study compares the accuracy 
of echocardiographic measurements with clinical estimates of severity 
of aortic stenosis derived from information of the Joint Natural History 
Study. Twenty-seven children with isolated aortic valve stensosis were 
evaluated clinically and with echocarciography and cardiac catheter- 
ization. 

From the echocardiograms, the ratio of systolic left ventricular wall 
thickness to internal dimension (W,/D,) showed a better correlation (r 
— 0.82) with peak left ventricular systolic pressure than did the diastolic 
ratio. However, there was significant variation so that a precise estimate 
of peak left ventricular systolic pressure could not be made from the 
echocardiogram. Eight of the 27 patients had a normal W,/D, ratio (0.55 
or less), and their cardiac catheterization data revealed mild aortic ste- 
nosis not requiring operation. In contrast, clinical criteria based on the 
Natural History Study identified only three of the patients with mild aortic 
stenosis. Prospective studies are needed to confirm the usefulness of 
echocardiography in noninvasive evaluation of children with aortic valve 
stenosis. 


The severity of congenital aortic valve stenosis is difficult to assess 
clinically and often can only be determined with cardiac catheterization. 
The selection of patients for catheterization depends on clinical and 
laboratory findings. In the Joint Study on the Natural History of Con- 
genital Heart Defects,” auscultatory and electrocardiographic findings 
of patients with aortic stenosis were combined, using multivariate 
analysis, to develop a formula for estimating the pressure difference 
across the aortic valve. From this calculation, a criterion was developed 
to identify some patients with a small pressure difference who presum- 
ably would not need cardiac catheterization. Other investigators?-? have 
attempted to evaluate patients with aortic stenosis with M mode echo- 
cardiography by comparing peak systolic left ventricular pressure, or 
the pressure difference across the stenotic valve, with a ratio of echo- 
cardiographic chamber dimension and wall thickness. 

To compare the estimates of the severity of aortic stenosis as assessed 
from the formula of the Joint Natural History Study and from echo- 
cardiographic findings, we retrospectively examined the clinical findings, 
echocardiograms and cardiac catheterization data of 27 patients with 
aortic stenosis studied at the University of Minnesota Hospitals. In our 
study we measured both the systolic pressure difference across the valve 
and aortic valve area to determine the severity of stenosis, and compared 
systolic and diastolic echocardiographic measurements with the mea- 
surements determined at catheterization. 
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Methods 


N Patients: Twenty-seven consecutive patients with con- 


genital aortic valve stenosis who underwent cardiac cathe- 
terization between 1973 and 1977 were included. Their ages 
ranged from 2 to 16 years (mean 10.4); 18 were male and 9 
female. No patient had congestive heart failure or more than 
trace aortic insufficiency on angiography. None had had 
previous cardiac surgery. 

A cardiac examination was performed in each patient. The 
loudness of systolic and diastolic murmurs was graded on a 
scale of 0 to 6. The electrocardiograms obtained immediately 
before catheterization were analyzed for left ventricular hy- 
pertrophy and repolarization abnormalities and the amplitude 
of R and Q waves in lead Vg. This information was used to 
estimate the left ventricular-aortic (LV-Ao) pressure differ- 
ence according to the following equation! : 


LV-Ao pressure difference = 13X (murmur score) 
+ RVę (mm) — 6 X QV; (mm) — 9. 


The murmur score is the grade of intensity of the systolic 
murmur, reduced by 1 for the presence of a diastolic murmur. 
According to the recommendations of the Natural History 
Study, the calculation is not made in patients with T wave 
inversion in lead Va because the T wave change is itself con- 
sidered an indication for cardiac catherization.'? 

Echocardiographic measurements: An M mode echo- 
cardiogram was recorded in each patient. The left ventricle 
was measured below the level of the tip of the mitral valve. The 
thickness of the left ventricular posterior wall was measured 
with inclusion of endocardial and epicardial echoes, and in- 
terventricular septal thickness with inclusion of left ventric- 
ular and right ventricular endocardial echoes. The internal 
diameter of the left ventricle was measured between the inner 
edges of the endocardial echoes of the left ventricular posterior 
wall and the interventricular septum. Measurements were 
made at both end-diastole (at the peak of the R wave of the 
electrocardiogram) and end-systole (at the peak of left ven- 
tricular posterior wall motion) (Fig. 1). 

Three ratios were determined from the echocardiographic 
measurements: 

1. W,/D,—ratio of the systolic left ventricular posterior wall 
thickness to the systolic left ventricular internal diameter. 

2. Wa/Da—ratio of the diastolic left ventricular posterior 
wall thickness to the diastolic left ventricular internal diam- 
eter. 

3. W,/Da—ratio of the averaged diastolic thickness of the 
left ventricular posterior wall and interventricular septum to 
the diastolic left ventricular internal diameter. 

In addition, for each individual patient, a systolic pressure 
constant, ks, was calculated that, when multiplied by the 
W./D, ratio, yielded peak left ventricular systolic pressure 
(Prv): 


ks -— Pty ° D,/W, Š 


Cardiac catheterization: This procedure was performed 
within 24 hours of echocardiography. In each patient a pres- 
sure tracing was recorded by withdrawal of a no. 6F or 7F 
fluid-filled catheter across the aortic valve. In 24 of the 27 
patients, the oxygen consumption was measured and the 
cardiac output was calculated according to the Fick principle. 
In these 24 patients the aortic valve area was determined ac- 
cording to the method of Bache and associates? using the peak 
systolic pressure difference. 


Results 


Hemodymamic measurements and pressure dif- 
ferences across the aortic valve estimated from 
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clinical data and electrocardiograms (Table I): 
Among the 27 patients, the peak left ventricular systolic 
pressure ranged from 115 to 225 mm Hg, the measured 
pressure difference across the aortic valve from 17 to 120 
mm Hg and the indexed aortic valve area from 1.1 to 0.3 
cm?/m?. The cardiac index for the 24 patients in whom 
it was measured ranged from 2.3 to 6.8 liters/min per m? 
(mean 4.8). The left ventricular end-diastolic pressure 
for all 27 patients ranged from 5 to 17 mm Hg (mean 
11:2). 

The pressure difference across the aortic valve was 
estimated from the formula of the Natural History 
Study in 24 patients. In the other three it was not de- 
termined because of T wave inversion in the left pre- 
cordial leads. The estimated pressure difference ranged 
from 24 to 72 mm Hg; it was less than 30 mm Hg in three 
patients. In these three patients, the measured pressure 
difference across the aortic valve ranged from 25 to 42 
mm Hg, and indexed aortic valve area ranged from 1.1 
to 0.76 cm?/m?. Comparison of estimated and measured 
pressure differences using linear regression analysis in 
the 24 patients yielded an r value of 0.55. 

Echocardiographic measurements and calcu- 
lated ratios (Table II): The mean heart rate was 77 
beats/min at echocardiographic recording and 91 
beats/min at cardiac catheterization. This mean dif- 
ference of 14 beats/min, although statistically signifi- 
cant (P « 0.001), is assumed to have caused no signifi- 
cant changes from the observed echocardiographic left 
ventricular measurements. 

The three echocardiographically determined left 
ventricular wall thickness to diameter ratios were 
compared with the peak left ventricular systolic 
pressure measured at cardiac catheterization. There 
was a positive correlation with each ratio (Fig. 2 to 4). 
The r values weré 0.82 for the W,/D,, 0.73 for the Wa/Da 
and 0.74 for the W4/Dq ratio. Because surgical decisions 
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FIGURE 1. Left ventricular ec diogram recorded below the mitral 
valve level, demonstrating the points at which measurements were 
made. D, = diastolic left ventricular internal dimension; D, = systolic 
left ventricular internal dimension; Sg = diastolic interventricular septal 
thickness; W, = diastolic left ventricular posterior wall thickness; Ws 
— systolic left ventricular posterior wall thickness. 
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TABLE | 
Hemodynamic Measurements and Clinical Estimates of Pressure Difference ( 
Heart 
Rate i | 
Case Age (yr) (beats/ Pry Pao AVA Pressure Difference (mm Hg) 
no. & Sex min) (mm Hg) (mm Hg) (cm?/m?) Measured Estimated 
———————————————————MM—MÀ—MÀMMM M  À——— Ó— —ÀM (- 
1 13M 80 115 90/70 1.1 25 24 
2 11M 70 160 132/82 0.95 28 28 
3 12M 80 156 125/95 0.95 31 28 
4 10 M 93 133 93/75 0.85 40 46 
5 12M 60 125 108/81 0.83 17 46 
6 11M 88 145 110/78 ND 35 35 
7 15M 84 145 108/74 0.78 37 66 
8 10M 100 145 103/78 0.76 42 23 
9 12M 84 145 120/90 0.75 25 40 
10 8M 101 130 90/62 0.68 40 65 
11 8M 80 140 90/65 0.63 50 44 
12 13M 105 180 90/60 0.63 90 42 
13 &F 95 180 115/80 0 61 65 53 
14 15F 63 135 100/70 0.60 35 53 
15 11M 95 135 95/70 0.60 40 56 
16 8M 110 170 108/85 0.60 62 61 
17 12M 75 170 100770 0.58 70 57 
18 8F 100 155 1027/70 0.54 53 62 
19 12M 90 135 86/64 0.53 52 48 
20 6M 85 180 100765 ND 80 71 
21 9F 95 210 100/75 0.49 110 72 
22 14 F 108 180 114/60 0.48 66 55 
23 8F 105 220 100775 0.45 120 49 
24 10 F 67 200 105/70 0.38 95 , 
25 10 F 110 225 115/82 0.38 110 » 
26 13 F 122 192 106/85 0.30 86 : 
27 2M 140 210 90770 ND 120 68 


* T wave changes over the left precordium. 
-t Estimated pressure difference assessed from the formula of the Joint Natural History Study. 
AVA = aortic valve area; ND = not done; Pao = aortic pressure; P, y = peak systolic left ventricular pressure. 





TABLE Il 
Echocardiographic Measurements and Calculated Ratios 
Heart = 
Case Rate IVS, Da Wa D; Ws Ws Wa Wg Ks 
no. (beats/ (mm) (mm) (mm) (mm) (mm) Ds Ds Da (mm Hg) 
min) 
—oovee AUN Ra EE cE Re ee NOM. CASTO ee Ceres A Oe A SLE C APA ES AUNT 
1 72 10 47 8 29 12 0.41 0.17 0.19 278 
2 90 9 38 7 22 12 0.55 0.18 0.21 293 
3 100 12 42 8 27 12 0.44 0.19 0.24 351 
4 70 8 47 7 23 14 0.61 0.15 0.16 218 
5 55 8 48 6 30 11 0.37 0.12 0.15 340 
6 78 9 39 7 22 12 0.55 0.18 0.21 266 
7 72 11 46 11 27 18 0.67 0.24 0.24 218 
8 70 10 36 6 24 13 0.54 0.17 0.22 268 
9 77 7 42 6 22 14 0.64 0.14 0.15 228 
10 100 7 36 6 20 13 0.65 0.17 0.18 200 
11 65 10 32 7 17 10 0.59 0.22 0.27 238 
12 75 12 51 9 24 18 0.75 0.18 0.21 240 
13 80 g 30 7 15 15 1.00 0.23 0.25 180 
14 64 C 42 7 27 12 0.44 0.17 0.19 304 
15 85 E 42 8 24 10 0.42 0.19 0.19 324 
16 78 E 37 7 16 12 0.75 0.19 0.20 227 
17 55 G 40 8 18 16 0:89 0.20 0.21 191 
18 80 7 29 4 16 10 0.62 0.14 0.19 248 
19 70 Q 34 6 19 12 0.63 0.18 0.22 218 
20 85 10 39 9 21 14 0.67 0.23 0.24 255 
21 96 10 28 9 12 11 0.92 0.32 0.34 229 
22 55 1^ 29 9 21 17 0.81 0.23 0.26 222 
23 70 8 32 8 14 15 1.07 0.25 0.25 205 
24 75 13 30 13 16 19 1.19 0.43 0.43 168 
25 90 12 40 12 19 19 1.00 0.30 0.30 225 
26 100 17 33 12 17 18 1.06 0.36 0.35 181 
27 100 10 22 6 8 14 1.75 0.28 0.37 120 





Dy = diastolic left ventricular internal diameter; D, = systolic left ventricular internal diameter; IVS4 = diastolic interventricular septal thickness; 
ks = systolic pressure constant, where ks = P, y (peak left ventricular systolic pressure). D,/W.; Wa = diastolic left ventricular posterior wall thickness; 
W, = systolic left ventricular posterior wall thickness; W4/D, = ratio of 1/2 (IVS4 + Wa) to Dg. 
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FIGURE 2. Comparison of peak systolic left ventricular pressure (Pj y) 
obtained at cardiac catheterization with the ratio of systolic left ven- 
tricular wall thickness to internal diameter (W,/D,). The solid line 
represents the linear regression line and the broken lines the 95 percent 
prediction interval for individual patients at any given W,/D, ratio. n = 
number of patients; p — probability; r — correlation coefficient. 


are based on the measured pressure difference across 
the aortic valve or aortic valve area rather than the ab- 
solute left ventricular peak systolic pressure, the W,/D, 
ratio (which had the best correlation with peak systolic 
left ventricular pressure) was also compared with these 
hemodynamic variables and yielded r values of 0.85 and 
0.77, respectively (Fig. 5 and 6). The diastolic wall 
thickness to diameter ratios, when compared with the 
measured pressure differences and aortic valve area, 
yielded r values of 0.72 and 0.65, respectively, for the 
Wa/Da ratio, and 0.74 and 0.62, respectively, for the 
W./Dg ratio. The average systolic pressure constant, ks, 
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FIGURE 4. Comparison of peak systolic left ventricular pressure (P, y) 
obtained at cardiac catheterization with the ratio of diastolic left ven- 
tricular averaged wall thickness and internal diameter (W4/D,). The solid 
line represents the linear regression line and the broken lines the 95 
percent prediction interval for individual patients at any given W,/Dg 
ratio. Abbreviations as in Figure 2. 
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FIGURE 3. Comparison of peak systolic left ventricular pressure (P, y) 
obtained at cardiac catheterization with the ratio of diastolic left ven- 
tricular wall thickness to internal diameter (W4/D,). The solid line 
represents the linear regression line and the broken lines the 95 percent 
prediction interval for individual patients at any given W4/D ratio. Ab- 
breviations as in Figure 2. 


was 239 + 10 mm Hg (mean + standard error of the 
mean). 

In eight patients the W./D, ratio was less than or 
equal to 0.55, and in these peak left ventricular systolic 
pressure ranged from 115 to 160 mm Hg, the measured 
pressure difference from 17 to 42 mm Hg and the in- 
dexed aortic valve area from 1.1 to 0.60 cm?/m? (Table 
III). In 11 patients the W,/D, ratio was greater than or 
equal to 0.70, peak left ventricular systolic pressure was 
greater than 170 mm Hg, the measured pressure dif- 


150 - 
x 
P 
ry 
o pi 
I 120 ve » 
E 7 
E we 
A» at oo 
o pf pt 
ez ^ o Pg 
© 90 ^e Z 
2 Pd j A 
e wt e E 
O L^ ut 
2 2$ a 
2 60 E ae s pt 
o * P d 
oO +d a 
^ 
o e pH ee ita n=27 
= e" e e RA LV-Ao AP =-43 +871 Wo / Dg 
> 30 DU. Pi r=0.85 
d "m p<oaol 
^ 
e P. 
^ 
0 
O30 050 070 O30 1.10 1.30 1.50 1.70 
W, /D, 


FIGURE 5. Comparison of the peak systolic pressure difference across 
the aortic valve (LV-Ao pressure difference) obtained at cardiac cath- 
eterization with the ratio of systolic left ventricular wall thickness and 
internal diameter (W,/D,). The solid line represents the linear regression 
line and the broken lines the 95 percent prediction interval for individual 
patients at any given W,/D, ratio. Abbreviations as in Figure 2. 
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FIGURE 6. Comparison of indexed aortic valve area (AVA indexed) 
calculated from data obtained at cardiac catheterization with the ratio 
of systolic left ventricular wall thickness and internal diameter (W./D.). 
The solid line represents the linear regression line and the broken lines 


the 95 percent prediction interval for individual patients at any given 
W;/D, ratio. Abbreviations as in Figure 2. 


ference was greater than 60 mm Hg and the indexed 
aortic valve area was less than 0.63 cm?2/m2. In the re- 
maining eight patients, the W,/D, ratio ranged between 
0.55 and 0.70, and the hemodynamic values overlapped 
those of the other two groups. 


Discussion 


Efforts to evaluate patients with aortic stenosis with 
echocardiographic techniques are based on the concept 
that, in a nonfailing ventricle, peak wall stress will re- 
main constant in the face of different levels of chronic 
afterload.?-!? It has been shown angiographically that 
left ventricular pressures are linearly related to a ratio 
of diastolic chamber dimension to wall thickness.!? 
Echocardiographic and angiographic measurements of 
peak wall stress have a good correlation! -!? and several 
investigators?" have compared peak systolic left ven- 
tricular pressure, or the pressure difference across the 
aortic valve, with a ratio of echocardiographic chamber 
dimension and wall thickness in patients with aortic 
valve stenosis.?-? 

Comparison of clinical and echocardiographic 
estimates of severity of aortic stenosis: However, 
none of these studies have compared echocardiographic 
estimates of severity in aortic stenosis with a recognized 
clinical estimate of severity. No previous studies have 
considered aortic valve area, which should be a better 
measure of the severity of aortic stenosis than the 
pressure difference across the valve alone, because it 
accounts for variations in flow. Only one of these stud- 
ies!! addressed the question of identifying patients who 
would not need cardiac catheterization. Our study was 
designed to compare clinical estimates (from the Joint 
Natural History Study) and echocardiographic esti- 
mates of the severity of aortic stenosis with the severity 
of aortic stenosis at cardiac catheterization as deter- 
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TABLE Ill 


Comparison of W,/D, Ratio with Severity of Aortic Stenosis / 


Mean Values and Range 


LV-Ao Pressure 
W,/Ds Difference AVA 


Ratio P, y (mm Hg) (mm Hg) (cm?/m?) 
0.55 140(115-160) 37(17-42) 0.83(0.60- 1.1) 
(no. — (no. — 8) (no. — 7) 
0.56-0.69 146(130— 180) 47(37-80) 0.68(0.53—0.85) 
(no. — 8) (no. — 8) (no. — 7) 
20.70 194(170-220) 90(60- 120) 0.49(0.30—0.63) 
(no. — 11) (no. = 11) (no. — 10) 


AVA = aortic valve area; LV-Ao = left ventricular to aortic systolic; 
P,y = peak left ventricular systolic pressure; W,/D, = ratio of systolic 
ieft ventricular wall thickness to chamber dimension. 


mined from the pressure difference across the aortic 
valve and from the aortic valve area. In addition, we 
examined our data to determine if the echocardio- 
graphic findings could be used as a screen to exclude 
patients with mild stenosis from cardiac catheteriza- 
tion. 

The investigators in the Joint Natural History Study 
proposed a formula combining auscultatory and elec- 
trocardiographic data that they believed could identify 
some patients whose aortic stenosis was mild, and in 
whom cardiac catheterization could be avoided. 
Applying this formula to our 27 patients, we would have 
avoided cardiac catheterization in only 3. 

In contrast, our experience with echocardiography 
indicates that it permits considerably better discrimi- 
nation. We compared echocardiographic ratios of left 
ventricular posterior wall to internal dimension with 
calculations based on cardiac catheterization data. The 
echocardiographic ratio correlating best with peak 
systolic left ventricular pressure in our study was the 
WD, ratio. In normal persons, this ratio is usually less 
than 0.55.?-^ Applying the same value to our patients 
with aortic stenosis, we identified eight patients with 
a ratio less than or equal to 0.55. In each of these eight 
patients, the degree of aortic stenosis did not require 
operation, whether the assessment was based on the 
pressure difference across the aortic valve or aortic valve 
area. 

Although the correlations among the W,/D, ratio and 
peak left ventricular systolic pressure, pressure differ- 
ence across the aortic valve and aortic valve area are 
good, there is enough variation to make a precise esti- 
mate of the severity of stenosis impossible in an indi- 
vidual patient. This can be graphically seen from the 95 
percent prediction intervals for individual patients in 
Figures 2, 5 and 6. The range of expected values of peak 
left ventricular systolic pressure, pressure difference - 
across the aortic valve or aortic valve area for a given 
W./D, ratio is wide. 

Systolic versus diastolic thickness and dimension 
ratios: Theoretically, W4/D4 or Wa/Dg ratios should 
have correlated better than the W,/D, ratios with peak 
left ventricular systolic pressure, because left ventricular 
peak wall stress occurs early in systole.7:9:!? Aziz et al." 


A 


N 


found a linear relation (r = 0.78) between the peak left 
ventricular systolic pressure and the Wa/Da ratio. When 
they used an average of posterior wall thickness and 
septal wall thickness, (Wq/Dg ratio), the correlation was 
improved (r = 0.92). In contrast, we found our best 
correlation with the W,/D, ratio, and the correlation 
with the diastolic ratio was not improved by averaging 
the thickness of the left ventricular posterior wall and 
the ventricular septum. Our patients and theirs are 
similar in age, severity of stenosis, and echocardio- 
graphic technique. We have no explanation for the 
difference in results. 

Several authors have attempted to predict peak left 
ventricular systolic pressure by multiplying the W./D, 
ratio by a mean constant, k,, determined from their 
patients.?-5 They were able to show a good correlation 
between this predicted peak left ventricular systolic 
pressure and the peak left ventricular systolic pressure 
measured at cardiac catheterization. In our patients, the 
mean k, value was 239 mm Hg, similar to that in other 
studies. However, the range was from 120 to 351 mm Hg, 
indicating that substantial errors could be produced by 
this method of predicting peak systolic left ventricular 
pressure. Because an accurate estimate cannot be made 
using an average k,, we believe it is more appropriate to 
utilize the W,/D, ratio itself in attempting to evaluate 
patients. 
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Clinical implications: We studied only patients with 
congenital aortic valve stenosis who had not been op- 
erated on and who had minimal or no aortic insuffi- 
ciency. Even with this homogeneous group, the echo- 
cardiographic left ventricular wall thickness to diameter 
ratios did not accurately predict peak left ventricular 
systolic pressure or the severity of aortic stenosis. Had 
the echocardiograms in our study been performed si- 
multaneously with measurements of left ventricular and 
aortic pressures at cardiac catheterization, the vari- 
ability might have been reduced and the correlation 
improved. However, to be clinically useful as a nonin- 
vasive tool echocardiography must be predictive 
whether or not it is performed at the same time as car- 
diac catheterization. 

In our retrospective study, we were able to correlate 
a W,/D, ratio of less than or equal to 0.55 with mild 
aortic stenosis. The Natural History Study formula 
identified three patients with a low pressure difference 
across the aortic valve, but the echocardiographic 
measurement identified these three and five additional 
patients with mild degrees of aortic stenosis who would 
probably not require cardiac catheterization and aortic 
valvotomy. If these results are supported by prospective 
studies, echocardiography could be used in the nonin- 
vasive evaluation of children with aortic valve ste- 
nosis. 
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Recent advances in techniques of angiocardiography now allow highly 
accurate assessment of the anatomy of the left ventricle in patients with 
transposition of the great arteries. The cineangiograms of 225 children 
with transposition were reviewed using axial cineangiographic techniques 
and 33 percent were found to have significant left ventricular outflow tract 
obstruction with or without coexisting ventricular septal defects. The 
varieties of left ventricular outflow tract obstruction and the associated 
ventricular septal defects found in this group of patients are described, 
illustrated and correlated. The advantages of axial angiocardiography in 
the diagnosis of transposition are pointed out, and the techniques used 
to produce the axial angiocardiograms are reviewed. 


Left ventricular outflow tract obstruction is an important yet often subtle 
determinant of the complex pathophysiology of complete transposition 
of the great arteries. Precise diagnosis of the type and severity of the 
obstruction and of the existence of associated lesions is essential for 
optimal medical and surgical management. Since 1972, all patients with 
transposition of the great arteries seen at the University of Alabama have 
been evaluated with the use of axial cineangiography.'? We have found 
that the axial views, in comparison with the anteroposterior and lateral 
views, allow more precise visualization of the left ventricle and its outflow 
tract, the pulmonary valve, the ventricular septum, and the morphologic 
features and movement of the mitral valve. 

Between 1972 and March 1978, a total of 225 patients with complete 
transposition of the great arteries were studied with cardiac catheter- 
ization and cineangiography, and 74 (33 percent) of this group had some 
form of left ventricular outflow tract obstruction. In this study we re- 
viewed these cases to determine (1) the incidence of left ventricular 
outflow tract obstruction, (2) the type and distribution of the various 
obstructions, and (3) the location and size of any coexisting ventricular 
septal defects. 


Methods 


Patients. All patients selected for this study had situs solitus of the viscera 
and atria with the cardiac apex to the left. All had concordant atrioventricular 
connections, discordant ventriculoarterial connections and normally related 
ventricles. In short, they had classic complete transposition. In six cases there 
was anatomic discontinuity between the pulmonary and mitral valves. The ring 
of the tricuspid valve straddled the ventricular septum, and chordae tendineae 
from this valve origmated from both ventricles in one case. An atrial septal defect, 
usually created by balloon septostomy, was present in all cases. Of the 74 pa- 
tients, 43 were male and 31 female; their ages ranged from 1 day to 19 years. 
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Axial cineangiography: Cineangiocardiograms were ob- 
N ained by the injection of the contrast medium (Renografin- 
76®) into both ventricular chambers utilizing either the long 
axial oblique views or the “four chamber” (hepatoclavicular) 
views. The technique of positioning the patient for the long 
axial oblique view was to elevate the right shoulder 15° to 20° 
with a sponge wedge and next to slant the body 25° to 30° 
across the table. These two maneuvers placed the left ven- 
tricular outflow tract and musuclar septum perpendicular to 
the X-ray beam of the lateral tube. 

For the “four chamber” view, the patient’s thorax was el- 
evated, using a sponge wedge, to a sitting position of ap- 
proximately 45° and then the left shoulder was elevated 45° 
higher than the right shoulder using a second wedge. These 
two movements placed the posterior ventricular septum 
perpendicular to the X-ray beam from the vertical tube. Then 
the entire body was slanted 15° across the table so as to align 
the long axis of the heart at right angles to the beam of the 
lateral X-ray tube. 

Radiologic anatomy: Because most of our cineangiograms 
were obtained with an injection of contrast medium into the 
left ventricle, we will describe the radiologic anatomy of the 
lesions as they are seen from the left ventricle. For descriptive 
purposes, we divide the left ventricle into three major zones 
or portions (Fig. 1): (1) The outflow tract is that portion above 
the sigmoid curve of the septum anterior to the anterior mitral 
leaflet and extending to'the pulmonary valve. (2). The sinus 
portion is formed by the main body of the ventricle and is 
anterior to the inflow section and inferior to the outflow sec- 
tion. (3) The inflow portion of this ventricle is that area below 
the mitral valve ring and posterior to the anterior mitral 
leaflet. 

The defects of the left ventricular outflow tract or infun- 
dibulum can be either perimembranous or muscular (Table 
I). Those of the perimembranous type have at least one margin 
that abuts the membranous septum, pulmonary valve, or 
anterior mitral leaflet. However, the muscular defect of the 
outflow tract is completely bordered by muscular tissue. 

The defects of the left ventricular sinus vary greatly in size 
and number. They can occur singly or as multiple lesions and 
in any portion of the sinus septum. 

The defects of the inflow portion of the left ventricle occur 
as either perimembranous or muscular lesions. The peri- 
membranous defects are often called defects of the atrioven- 
tricular (A-V) canal type because their proximal margin is 
formed by the mitral ring. The muscular defects of the pos- 
terior septum are completely bordered by muscular tissue. Of 
course, a true A-V canal defect occurs in transposition of the 
great arteries and is seen in this region, and it too belongs to 
the perimembranous category. 


TABLE | 





FIGURE 1. Left ventriculogram, obtained using the long axial oblique 
technique (lateral tube), from an infant with transposition of the great 
arteries. The left ventricular sinus and outflow tract are normal. The 
demarcation between the left ventricular sinus (LVS) and the outflow 
tract (OT) is shown by the sigmoid curve (SC). The anterior leaflet of 
the mitral valve (AML) is seen in profile. The mitral valve (MV) anulus 
is indicated by small arrowheads. The pulmonary artery (PA) arises 
completely from the left ventricle. AML — anterior mitral valve. 


Results 


Of the total group of 225 patients, 74 (33 percent) 
were found to have outflow tract obstruction and 49 (22 
percent) had an associated ventricular septal defect. 
The diagnoses were initially made from the angiocar- 
diogram but all were confirmed at operation or autopsy, 
or both. The following mechanisms were found to be 
responsible for left ventricular outflow tract obstruction 
(Table I): 

Isolated pulmonary valve stenosis—eight cases 
(11 percent) (Fig. 2A): In eight cases the left ventric- 
ular outflow tract obstruction was caused by valvular 
pulmonic stenosis. The valve ring was hypoplastic in one 
case and the leaflets were fused and thickened in seven. 


Mechanism of Left Ventricular Outflow Obstruction 


Ventricular Septal Defect 
(as seen from the left ventricle) 





Septum of Septum Inlet (posterior) 
Intact Outflow Tract of Sinus Septum 
Mechanism Septum Muscular Perimembranous Single Multiple Muscular X Perimembranous 
Pulmonary valve stenosis 1 1 6 
Subpulmonary fibrous diaphragm 2 3 1 1" 
Subpulmonary fibromuscular tunnel 22 7 1 1 
Septal bulge and mitral apposition valve 22 2 1 P 
1 * 
Aneurysm of ventricular septum 1 
* Complete atrioventricular canal. 
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In seven of the eight cases, there was a coexisting ven- 
tricular septal defect. In the case with the hypoplastic 
pulmonary valve ring, the ventricular septal defect was 
in the muscular septum of the left ventricular outflow 
tract, whereas in six of the remaining seven cases a 
perimembranous defect of the outflow tract was present. 
In only one case was the ventricular septum intact. 
Subpulmonary fibrous diaphragm—seven cases 
(9 percent) (Fig. 2B): Fibrous diaphragmatic ob- 
struction was revealed as a discrete, thin ridge of tissue 
just below the pulmonary valve cusps in seven cases. 
This ridge involved the anterior leaflet of the mitral 
valve in five cases. No mitral valve incompetence was 





. 
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FIGURE 2. Two forms of pulmonary stenosis in 
complete transposition of the great arteries. Both il- 
lustrations are left ventriculograms (LV) made with the 
long axial oblique technique (lateral tube). A, pul- 
monary valve stenosis. The small arrows show a 
domed stenotic pulmonary valve. B, subpulmonary 
fibrous diaphragm (SPD). The pulmonary (PV) is nor- 
mal. AML = anterior mitral leaflet; PA = pulmonary 
artery. 


noted in any of these cases. In five of the seven cases, a 
ventricular septal defect was also present. In each case 
the ventricular septal defect was in the left ventricular 
outflow tract in the perimembranous area (Fig. 3A). 
However, in one case the defect occurred in association 
with a complete A-V canal defect and therefore ex- 
tended into the inlet septum. In another case a second 
defect was present in the muscular portion of the inlet 
septum. 

Subpulmonary fibromuscular tunnel—31 cases 
(42 percent) (Fig. 4 to 7): In 31 cases, the outflow tract 
obstruction consisted of a tubular narrowing of varying 
length located below the pulmonary valve (Fig. 4A). In 


FIGURE 3. Left ventriculograms showing 
two types of ventricular septal defect, 
(VSD) in complete transposition of the 
great arteries and pulmonary stenosis. ^, 
long axial oblique technique (lateral tube). 
This is a typical perimembranous ventric- 
ular septal defect of the left ventricular (LV) 
outflow tract. The pulmonary valve stenosis 
is not well seen in this frame. B, the ‘‘four 
chamber” technique (anteroposterior tube) 
in a child with transposition of the great 
arteries and complete atrioventricular 
canal. The ventricular septal defect is of 
the perimembranous type and extends into 
the posterior inlet septum. There is a 
common atrioventricular valve (arrow- 
heads) straddling the ventricular septum. 
The pulmonary stenosis is caused by a 
subpulmonary diaphragm (SPD). PA = 
pulmonary artery; RV = right ventricle. 


Mmm La. 


ANGIOCARDIOGRAM IN TRANSPOSITION OF GREAT ARTERIES—SANSA ET AL. 


FIGURE 4. Left ventriculograms in two examples 
of subpulmonary fibromuscular tunnel with dif- 
ferent degrees of infundibular septal hypertrophy. 
Both left ventriculograms (LV) are taken in the long 
axial oblique position (lateral tube). A, the infun- 
dibular septum (IS) is quite hypertrophied with a 
narrow column of contrast medium passing 
through the narrow subpulmonary tract. B, pos- 
terior deviation of the infundibular septum (IS) with 
less septal hypertrophy creating a less narrow 
subpulmonary tract. PA — pulmonary artery; PV 
= pulmonary valve; SS = sinus septum. 


each case, there was an associated ventricular septal 
defect just below the subpulmonary narrowing. 

The anterior wall of the subpulmonary tunnel in all 
cases was formed by muscular tissue of the infundibu- 
lum. This muscular structure showed variability in size 
and shape. In most cases, the infundibular septum was 
well developed and was displaced posteriorly so as to 
form a long, narrow subpulmonary tunnel (or infun- 
dibulum) (Fig. 4B). In two cases the infundibulum was 
hypoplastic and the tunnel consequently short and 
narrow.” 

The entire wall of the tunnel was formed by muscular 
tissue in five cases. When this occurred, there was loss 
of continuity of the anterior leaflet of the mitral valve 


FIGURE 5. Angiocardiograms from a 
child with complete transposition of the 
great arteries and a ventricular septal 
defect made with the vertical tube and 
injection into the right ventricle (RV) 
with the patient in the four chamber 
position. A, the ventricular septal defect 
(arrow) is muscular and is at the junc- 
tion of the posterior and sinus septum. 
The left ventricular (LV) outflow tract 
obstruction is of the tunnel type and 
there is discontinuity of the pulmonary 
(PV) and mitral valves (right arrow- 
heads). B, the ventricular septal defect 
(arrow) is well into the posterior septum 
and its upper margin is formed by the 
tricuspid ring (left arrowheads). It is 
therefore perimembranous. The left 
ventricular outflow tract obstruction is 
also of the tunnel type. PA = pulmonary 
artery. 





with pulmonary valve tissue (Fig. 5A). In the remaining 
cases, the posterior wall of the outflow tract was formed 
by the anterior leaflet of the mitral valve; consequently 
there was fibrous continuity of the pulmonary and mi- 
tral valves. 

A hypoplastic pulmonary valve ring was also present 
in 19 of the 31 patients. In many of these cases the pul- 
monary leaflets were malformed and asymmetric. 

There was considerable consistency in the location 
of the ventricular septal defect in all 31 patients with 
a fibromuscular tunnel. In each patient, a large ven- 
tricular septal defect of the muscular type, located at 
the junction of the outflow tract with the sinus, was 
present (Fig. 6A). Figure 6B shows a large defect ex- 
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tending more posteriorly than usual and extending into 
the inlet septum. However, in tw cases the infundibular 
septum was hypoplastic and created, in essence, a 
doubly committed ventricular septal defect (Fig. 7B). 

There were additiona! muscular defects in the sinus 
portion of the ventricular septum in seven of the cases 
(Fig. 5A). In one case, the defect extended to the inlet 
septum, its proximal margin formed by the mitral valve 
ring. 

Septal bulge and mitral valve apposition—27 
cases (37 percent) (Fig. 8 and 9): A systolic protrusion 
of the ventricular septum into the outflow tract of the 


mo~ 





LV 








ü 


FIGURE 6. Complete transposition 
of the great arteries with subpul- 
monary tunnel and ventricular sep- 
tal defect. Left ventriculograms 
from two infants with the ventrictilar 
septal defect at the junction of the 
outflow tract septum and sinus 
septum. A, made with the lateral 
tube and the patient in the long axial 
position, shows a large muscular 
defect in the left ventricular (LV) 
outflow tract. B, made with the 
vertical tube and the patient in the 
four chamber position, shows a 
large muscular defect extending 
into the posterior septum. The left 
ventricular outflow tract obstruction 
in both is of the fibromuscular tunnel 
type. A = aorta; IS = infundibular 
septum; PA = pulmonary artery; PV 
= pulmonary valve; RV = right 
ventricle. 


left ventricular cavity was seen in 27 cases. During 
systole, the protrusion created an obstruction to left 
ventricular ejection at the junction of the infundibulum 
with the sinus of the ventricle (Fig. 8). 

There was systolic apposition of the anterior mitral 
leaflet to the septum in all 27 cases. This apposition 
varied in degree, but in five cases it was severe and a long 
ridge of endocardial thickening was seen at the site of 
apposition (Fig. 9A). In two of these cases, the left 
ventricular pressure was suprasystemic. In 10 cases, the 
anterior leaflet of the mitral valve appeared to be an- 
teriorly displaced in relation to the pulmonary cusps.‘ 


FIGURE 7. Left ventriculograms (LV) 
from an infant with complete transpo- 
sition of the great arteries and a short 
subpulmonary fibromuscular tunnel 
both taken in the long axial position with 
the vertical tube (A) and with the lateral 
tube (B). A, the infundibular septum (IS) 
is seen to be hypoplastic but with a 
short, narrow pulmonary tract. B, the 
ventricular septal Gefect (VSD) is seen 
just below the aortic and pulmonary 
valves ("doubly committed” defect). 
The two great arteries are superim- 
posed in this view. A = aorta; PA = 
pulmonary artery; RV = right ven- 
tricle. 
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FIGURE 8. The dynamic form of left 
ventricular outflow tract obstruction 
in an infant with complete transpo- 
sition of the great arteries. Long 
axial oblique left ventriculogram 
(lateral tube) in diastole (A) and 
systole (B). There is an abnormal 
bulging of the upper aspect of the 
ventricular septum (arrowheads) 
into the left ventricular (LV) outflow 
tract forming a sigmoid curve (SC). 
There is abnormal anterior systolic 
motion of the anterior leaflet of the 
mitral valve (AML). PA = pulmonary 
artery; PV = pulmonary valve. 


The ventricular septum was intact in 22 of the 27 cases 
with systolic mitral valve apposition, but in five cases 
there were one or more coexisting ventricular septal 
defects. The latter defects were small to moderate in 
size. In two cases, they were in the sinus portion of the 
ventricle and were multiple (Fig. 9). In three cases, they 
were present in the inlet (posterior) septum. In one of 
these cases a complete A-V canal defect was present. 
Aneurysm of the ventricular septum (Fig. 10): In 
one case, subpulmonary obstruction was created by an 
aneurysmal structure (redundant tricuspid tissue) 
protruding into the outflow tract of the left ventricle. 


FIGURE 9. Left ventriculograms from 
two patients with a dynamic form of left 
ventricular (LV) outflow tract obstruc- 
tion made in the axial oblique position 
(lateral tube). A, in systole. In this case 
the abnormal septal protrusion and 
abnormal systolic mitral valve apposi- 
tion are seen as are multiple small 
muscular ventricular septal defects 
(VSD) in the sinus septum. The fibrous 
ridge is indicated by R. B, from another 
infant with abnormal protrusion of the 
upper anterior septal wall creating se- 
vere subpulmonary stenosis (arrow- 
heads). In this case, there is a complex 
of small muscular defects (VSD) in the 
lower aspect of the sinus septum. AML 
= anterior mitral leaflet; A = aorta; PA 
= pulmonary artery; RV = right ven- 
tricle. 





The ventricular septal defect in this case was large and 
was located in the inlet septum just below the aneu- 
rysm.? 


Discussion 


We have reviewed 225 cases of complete transposition 
of the great arteries evaluated at the University of AI- 
abama in Birmingham since 1972. Of these, 74 (33 per- 
cent) showed some form of left ventricular outflow tract 
obstruction with or without associated ventricular 
septal defect. There have been previous pathologic and 
clinical reports describing left ventricular outflow tract 
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FIGURE 10. Left ventriculogram demonstrating a surgically proved 
subpulmonary stenosis created by redundant tricuspid tissue herniating 
into the left ventricular (LV) outflow tract (arrowheads). The left ven- 
triculogram is a “four chamber” view (vertical tube). Note the larger 
ventricular septal defect just below the aneurysm. A — aorta; PA — 
pulmonary artery; RV = right ventricle. 


obstruction in complete transposition of the great ar- 
teries; however, one of the significant findings of our 
study was a 33 percent incidence rate of left ventricular 
outflow tract obstruction. The incidence rate of left 
ventricular outflow tract obstruction in complete 
transposition of the great arteries in previous reports?-? 
has ranged from 14 to 16 percent in necropsy studies to 
28 percent in angiocardiographic-hemodynamic studies. 
In the latter series the data regarding left ventricular 
outflow tract obstruction were often obtained by pres- 
sure measurements and often lacked a precise de- 
scription of the obstruction and of the accompanying 
lesions.!? 

Although we have encountered no unreported types 
or combinations of lesions, the clarity of the axial 
cineangiocardiograms allows a precise description of the 
pathologic anatomy. This, combined with the large total 
number of cases in our series and the large incidence of 
left ventricular outflow tract obstruction, allows an in- 
teresting correlative study of various types of left ven- 
tricular outflow tract obstruction with the occurrence 
of different forms of ventricular septal defect. 


Types of Left Ventricular Outflow Tract Obstruction 
and Ventricular Septal Defect 


Isolated pulmonary valve stenosis: This was an 
infrequent cause of left ventricular outflow tract ob- 
struction (8 of 74 cases). The thickened, fused pulmo- 
nary valve leaflets themselves were usually the of- 
fending lesion, but a hypoplastic valve ring occurred in 
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one case. The ventricular septal defect was of the peri- 
membranous type in six of the seven cases of valve ste- 
nosis but was in the muscular outflow septum in the one 
case of a hypoplastic ring. 

Subpulmonary fibrous diaphragm: This type had 
approximately the same incidence as isolated valve 
stenosis (7 of 74 cases). Although the diaphragmatic 
ridge involved the anterior leaflet of the mitral valve in 
most cases, the mitral valve was competent in each. Five 
of seven patients had a ventricular septal defect; all but 
one of these defects were of the perimembranous 
type. 

Subpulmonary fibromuscular tunnel: This was 
the most common type of left ventricular outflow tract 
obstruction seen in this study (31 of 74 cases [42 per- 
cent]). This seems to be consistent with the statistics 
found in previous communications. All of our patients 
had a ventricular septal defect at the junction of the 
outflow tract and the sinus. The infundibulum in the 
patient with a subpulmonary fibromuscular tunnel may 
show considerable variation in the size. In two cases it 
was hypoplastic, and the ventricular septal defect 
consequently was doubly committed to the semilunar 
valves. 

In the majority of patients with a subpulmonary fi- 
bromuscular tunnel, the posterior wall of the tunnel was 
formed by fibrous tissue of the mitral valve but in a few 
(five cases) it was formed by muscular tissue. In the 
latter situation, this muscular tissue, together with the 
muscular infundibular septum, created an entirely 
muscular tunnel with consequent discontinuity of the 
anterior mitral and pulmonary leaflets. Nevertheless, 
both the angiocardiograms and surgical findings made 
it clear that these patients did not have double outlet 
right ventricle.!! More than half the cases (19 of 31) with 
a fibromuscular tunnel also had a hypoplastic valve 
ring. 

The relatively high incidence rate of additional 
ventricular septal defects in the sinus portion of the 
ventricular septum in patients with a fibromuscular 
tunnel should be mentioned. Almost 30 percent of these 
patients had, in addition, defects in the sinus septum 
Or, as in one case, a large lesion extending into the inlet 
septum. The incidence of muscular defects and defects 
of the canal type is greater in this study than has been 
reported. The reason for this, we believe, is the accurate 
visualization of the sinus and inlet septal areas made 
possible with use of axial cineangiography. 

Bulging of the upper ventricular septum into the 
left ventricular outflow tract and apposition of 
anterior leaflet of the mitral valve: this was the 
second most common form of left ventricular outflow 
tract obstruction, occurring in 36 percent of our cases. 
The abnormal septal protrusion characteristically oc- 
curred at the junction of the infundibulum with the 
sinus. In five cases, a discrete ridge was superimposed 
on this septal protrusion. In the majority of cases?” the 
septum was intact or showed ventricular septal defects 
of insignificant size. 

Our cineangiograms support the concept that this 
septal bulge is usually dynamic in origin and is probably 
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caused by the paradoxic pressure relation between the 

right and left ventricles. Although the septal apposition 

Ni the anterior mitral leaflet is sometimes clearly caused 

by anomalous attachment or insertion of the leaflet or 

. its papillary muscles, we believe that the more common 

§ cause is distortion of the valve and left ventricular 

outflow tract due to the “pancaking” or flattening of the 

left ventricle by the higher pressure of the right ven- 
tricle. 

The discrete ridge often seen on this leaflet we believe 
to be a reaction to trauma because it occurs exactly at 
the point of apposition of the anterior leaflet to the 
septum. This is also the point at which the anterior 
leaflet is exposed to the most rapid blood flow during 
systolic ejection. This fibrous ridge is similar to that seen 
in other cardiac locations constantly exposed to the 
trauma or to the high flow of a Jet stream. 

Whatever the cause of this septal bulge and anterior 
mitral leaflet apposition, the results are disastrous. 
There occurs first an increase in left ventricular after- 
load in the face of an unchanged left ventricular preload. 
(Because there is a septostomy the left atrial pressure 
and therefore the left ventricular end-diastolic pressure 
cannot increase.) According to the formula, Stroke 
volume = f(preload/afterload) contractility, the left 
ventricular stroke volume falls as the afterload increases 
and, as a result, pulmonary blood flow is decreased.'? 
In an infant with transposition, this decrease in pul- 
monary blood flow results in a commensurate decrease 
in effective pulmonary blood flow and the clinical result 
in early and severe deterioration because of severe cy- 
anosis. The only good answer to this problem is early 
physiologic repair. These findings were reported earlier 
by Tynan et al.!? and, more recently, were amply con- 
firmed echocardiographically by Park et al.!* and by 
Aziz et al.!° 


Clinical Implications 


We believe that axial biplane cineangiography allows 
a much more precise assessment of the left ventricular 
outflow tract and anatomy of associated lesions than 
large format angiocardiography or even biplane cine- 
angiography with conventional angiocardiographic 
views. These axial views cause the outer shoulder of the 
left ventricle to be displaced inferiorly relative to the left 
ventricle, and thus the two structures are no longer su- 
perimposed. They also place the septum and left ven- 
tricular outflow tract in profile, so that the long axis of 
these structures is at right angles to the X-ray beam; 
thus the entire length of the septum is seen. With 
modern cine systems the photographic resolution of the 
cardiac structures is excellent even in the smallest in- 
fants. Finally, the dynamics inherent in the cineangio- 
graphic techniques allow an unsurpassed evaluation of 
the anatomy and physiology of the lesion. 

We suggest use of the following angiographic pro- 
tocol in the infant suspected of having complete 
transposition of the great arteries: (1) Obtain, and 
immediately analyze using a video playback system, a 
biplane long axial oblique left ventriculogram. (2) Ob- 
tain, as the second study, a four chamber left ventricu- 
logram if there is then any suspicion that the ventricular 
septal defect involves the posterior or inlet septum, a 
common A-V valve or a straddling tricuspid valve exists 
or there is stenosis of the origin of the left pulmonary 
artery. (3) Perform a right ventricular injection as the 
third study in the long axial oblique projection if it is 
then necessary to visualize the right ventricle or aorta. 
The protocol will have to be modified when there are 
unusual cardiac rotations or lesions, but in the large 
majority of patients it will produce accurate results with 
a minimal number of contrast injections. 
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To determine the prognosis for the newborn with transposition of the great 
arteries, the clinical course of 112 consecutive neonates with dextro- 
transposition was reviewed. Patients were managed with balloon atrial 
septostomy at initial cardiac catheterization, palliative operation if needed 
in the 1st year of life and Mustard's intraatrial baffle repair. 

The 1st month of life was the period of greatest risk (8 percent mortality 
rate). Between balloon septostomy and baffle repair, 14 of 103 patients 
at risk (14 percent) either died or had a cerebrovascular accident. The 
mortality rate at baffle repair was 14 percent (10 deaths in 7 1 patients), 
and there were 3 late postoperative deaths. Actuarial analysis of the data 
indicates that with this plan of management, approximately 50 percent 
of newborns with transposition of the great arteries will survive 5 years 
with excellent function and an additional 15 to 20 percent will survive with 
one or more medical handicaps. 


Approximately 1,000 infants are born in the United States each year with 
dextrotransposition of the great arteries. This estimate is based on an 
annual birth rate of 3.5 million! and an incidence of transposition of the 
great arteries between | in 2,300 and 1 in 5,100 live births.?-* Before 1964 
nearly 90 percent of children with transposition died in the 1st year of 
life.4-© Balloon atrial septostomy, introduced by Rashkind and Miller? 
in 1966, has substantially reduced neonatal mortality. Mustard's in- 
traatrial baffle repair,’ described in 1964, has become widely accepted 
as the definitive operation for most forms of transposition. This study 
was undertaken to determine the effect of these procedures on the 
long-term outcome of patients with transposition of the great arte- 
ries. 

We have summarized the clinical course of 112 consecutive newborns 
with this lesion referred to our institution between 1967 and 1977. The 
patients were managed with balloon atrial septostomy, palliative oper- 
ation if needed and Mustard repair. The results illustrate the prognosis 
for the newborn with transposition managed in this manner, and provide 
a baseline against which to judge alternative plans of therapy. 


Methods 


Patients: The study group consisted of all patients with dextrotransposition 
of the great arteries who underwent balloon atrial septostomy in this institution 
September 1967 and September 1977, excluding those with single ventricle or 
with atresia of any cardiac valve. Since September 1967, we have performed 
balloon septostomy on all neonates with transposition of the great arteries re- 
ferred to this hospital. Of the 112 patients, 62 (55 percent) had simple transpo- 
sition, 22 (20 percent) had a large ventricular septal defect, 20 (18 percent) had 
pulmonary stenosis and 8 (7 percent) had a ventricular septal defect and pul- 
monary stenosis. Twelve patients had patent ductus arteriosus and five had 
coarctation of the aorta. 

Evaluation: Classification was based on the hemodynamic status at the time 
of the most recent cardiac catheterization or that performed before intraatrial 
baffle repair. If a ventricular septal defect or patent ductus arteriosus was present 


at the initial study, but not at a later catheterization, the pa- 
tient was considered to have simple transposition. The criteria 
for pulmonary stenosis included a peak systolic pressure 
gradient between the left ventricle and the pulmonary artery 
of more than 30 mm Hg or angiographic evidence of left ven- 
tricular outflow obsttuction. The ventricular septal defect was 
considered to be “large” on the basis of angiographic ap- 
pearance or the presence of equal left and right ventricular 
pressure in the absence of pulmonary stenosis. Patients with 
a small ventricular septal defect or patent ductus arteriosus 
were considered to have “simple” transposition. The final 
evaluation was made during the last 24 months of the study 
in 74 of the 78 survivors; the status of 4 patients was deter- 
mined by communication with their current physician. 

Plan of management: All patients had balloon septostomy 
at the time of initial catheterization.’ A systemic to pulmonary 
arterial anastomosis was performed in patients with hypox- 
emia due to pulmonary stenosis; pulmonary arterial banding 
was performed in patients with a large ventricular septal de- 
fect with either pulmonary hypertension or uncontrolled heart 
failure. Our management of patients with simple transposition 
was slightly modified from that described previously"; in 14 
patients, primary intraatrial baffle repair was performed in 
lieu of Blalock-Hanlon atrial septectomy in the Ist year of life 
for unrelieved or recurrent hypoxemia after balloon septos- 
tomy. In general, however, elective baffle repair was recom- 
mended when the patient was 1 year old or weighed 8 to 10 
kg. 


Results 


Neonatal period: The overall survival rate for the 
lst month of life was 92 percent. Six patients died within 
72 hours of balloon septostomy. Two of these patients 
had a complication from the septostomy—one case each 
of cardiac perforation with tamponade and uncontrol- 
lable arrhythmia. The other four died of cerebral and 
renal disease, presumably the result of hypoxemia 
preceding the septostomy. Three additional patients 
died within the 1st month of life, two at the time of 
systemic to pulmonary arterial anastomosis and one of 
hypoxemia unrelieved by septostomy (Table I). 

Interval from balloon atrial septostomy to baffle 
repair: Of the 103 patients surviving the Ist month of 
life, 71 underwent baffle repair, 21 await this procedure 
and 11 died before operation. Eight of the 11 deaths 


TABLE | 


Cause of 34 Deaths in 112 Patients With Transposition of 
the Great Arteries 


Patient 
(no.) 

Balloon atrial septostomy-related 2 
Medical deaths in 1st month 5 
Medical deaths later in 1st year* 10 
Medical deaths in 2nd year 1 
Palliative operation 3 
Baffle repair 10 
Late postoperative death 3 

34 





* Includes one death due to bowel obstruction and one to automobile 
accident. 
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were due to medical causes, 1 occurred at palliative 
operation and 2 were of noncardiac causes. Four pa- 
tients had a cerebrovascular accident during this in- 
terval, and four had pulmonary vascular obstructive 
disease. 

Palliative operations were performed in 46 patients 
and resulted in one death. The mean age at the time of 
the palliative operation was 3 months and the median 
weight 4.7 kg. 

Because the timing of baffle repair in patients with 
uncomplicated transposition of the great arteries re- 
mains controversial, we further analyzed the outcome 
of the 74 patients with transposition and intact ven- 
tricular septum who survived the neonatal period. 
Baffle repair was performed in 59 of these patients; 
in 31 patients balloon septostomy was the only palliative 
procedure performed before corrective operation, 
whereas in 28 an intermediate palliative operation was 
required. Before baffle repair, four patients died, three 
had.a cerebrovascular accident and three had pulmo- 
nary vascular obstructive disease (confirmed at autopsy 
in two and suspected from’ hemodynamic and angio- 
graphic study in the third). Thus, 10 of the 74 patients 
(14 percent) either died or had a major complication of 
transposition, and in 6 patients the death or complica- 
tion occurred before age 6 months. 

Baffle repair: Mustard’s intraatrial baffle repair was 
performed in 71 patients—59 with an intact ventricular 
septum, 9 with a large ventricular septal defect and 3 
with a ventricular septal defect and pulmonary stenosis. 
The median age was 21 months (range 2 to 114) and the 
median weight 10.0 kg (range 3.6 to 25). The overall 
mortality rate was 14 percent, and that of the 59 pa- 
tients with intact ventricular septum was 12 percent. 
There were no deaths among the 20 patients undergoing 
baffle repair during the last 2 years of the study . In two 
patients a neurologic deficit developed at the time of 
operation (one case each of cortical blindness and 
quadriparesis). 

Status after baffle repair: At a median postoper- 
ative follow-up interval of 32 months, 46 of the 61 sur- 
vivors were alive and had no sequela of transposition. 
In 16 of these patients, the clinical impression of an 
excellent postoperative result was confirmed at cardiac 
catheterization: These patients had unobstructed pul- 
monary and systemic veins, normal pulmonary arterial 
pressure, a gradient of less than 30 mm Hg across the 
left ventricular outflow tract and no evidence of baffle 
detachment or tricuspid insufficiency. 

Pulmonary venous obstruction developed in 10 pa- 
tients after baffle repair. Eight of these patients un- 
derwent successful revision of the baffle, one died before 
operation and one patient with partial obstruction of 
the left pulmonary veins is asymptomatic and has not 
been advised to undergo further operation. The variable 
most strongly associated with pulmonary venous ob- 
struction was the use of Dacron® as the baffle material. 
Pulmonary venous obstruction developed in 5 of 13 
patients with a Dacron® baffle, but in only 5 of 58 pa- 
tients with a pericardial baffle. There was no difference 
in the age or weight at the time of operation between the 
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10 patients who had venous obstruction and the 61 pa- 
tients who did not (P >0.1, Student's t test). 

Other hemodynamic findings among the 37 patients 
undergoing postoperative catheterization were residual 
pulmonary stenosis in 8, a left to right shunt at atrial 
level in 6 (requiring reoperation in 2) and partial ob- 
struction of the superior vena cava in 8. With the ex- 
ception of the two cases of baffle detachment, these 
abnormalities were considered minor and further op- 
eration was not recommended. 

Of the 52 survivors of the baffle repair whose serial 
electrocardiograms were obtained, 27 (52 percent) 
continued to have sinus rhythm. Symptomatic ar- 
rhythmia developed in seven patients (supraventricular 
tachycardia in five and junctional bradycardia in two). 
One patient, in whom sinus nodal dysfunction had been 
demonstrated at cardiac catheterization, died suddenly 
and unexpectedly 2 years after baffle repair. The oc- 
currence of arrhythmia after baffle repair was unrelated 
either to the age or the weight of the patient at the time 
of operation or to the types of baffle material used. 

Three late deaths occurred at 5, 15 and 25 months, 
respectively, after baffle repair. One death, described 
earlier, appeared to be due to arrhythmia. One patient 
died because of pulmonary venous obstruction and 
another died because of both left and right ventricular 
dysfunction. 

Thus, of the 112 patients who underwent balloon 
septostomy, 71 (63 percent) later had baffle repair, and 
61 survived the procedure. Forty-six (75 percent) of the 
61 survivors have no apparent medical problems, 4 (7 
percent) have permanent neurologic sequelae acquired 
before or during baffle repair, 5 (8 percent) have 
symptomatic arrhythmia, 3 (5 percent) have important 
hemodynamic abnormalities and 3 died in the late 
postoperative period (Table I). 

Overall survival: At the conclusion of the study 78 
of the 112 patients (70 percent) were alive at a median 
age of 32 months (Table II). The survival rate was 88 
percent at 3 months, 79 percent at 1 year and 69 percent 
at 2 years. Figure 1 shows the life table for all patients. 
The survival curves for patients with an intact ven- 
tricular septum and those with a ventricular septal de- 
fect did not differ, but after age 6 months a greater 
portion of those with an intact septum had undergone 
baffle repair. The figure also shows the percent of pa- 
tients both alive and free of major complications of 
transposition (neurologic sequelae, pulmonary vascular 
disease, symptomatic arrhythmia or post-Mustard he- 
modymamic sequelae). At 5 years of age 48 percent of 
the patients are alive and well. 


Discussion 


Our results indicate that balloon atrial septostomy 
and the Mustard procedure, combined with palliative 
operations, have substantially improved the prognosis 
for the newborn with transposition of the great arteries. 
Before these techniques were available, only 10 percent 
of these patients survived for 1 year* 5; in comparison, 
79 percent of our patients reached age 1 year and 69 
percent lived at least 2 years. 
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TABLE Il 


Status of 112 Patients With Transposition of the Grea: 
Arteries at Latest Evaluation (median age 32 months) lü 


Patients 
(nc.) 


82 Patients With Intact Ventricular Septum 


Alive 60 
Awaiting baffle repair 11 
Postoperative baffle repair 49 

Good result 39 
Arrhythmia 5 
Hemodynamic residua 2 
CNS sequelae 3 
Died 22 
30 Patients With Ventricular Septal Defect 

Alive 18 
Awaiting baffle repair 10 
Postoperative baffle repair 8 

Good result 6 
Hemodynamic residua 1 


CNS sequelae 
Died 12 


CNS = central nervous system. 


Neonatal mortality and morbidity: Despite this 
improved outlook, the child with transposition faces 
important risks of morbidity and mortality. The neo- 
natal period remains a period of great risk, and the 
mortality rate of 8 percent in the 1st month of life was 
the highest of any age interval. Rashkind!! reported a 
mortality rate of 31 percent during the first hospital 
admission for 112 patients treated with balloon atrial 
septostomy; other centers have reported neonatal 
mortality rates of 15 to 27 percent.!?-!? Reduction of the 
early mortality will require earlier recognition and. 
transfer of newborns with transposition to cardiac 
centers and improvement in neonatal intensive care, 
including management of arrhythmia, infection, renal 
disease and pulmonary insufficiency. 

Timing and results of baffle repair: The second 
period of risk is the interval between balloon septostomy 
and corrective operation. In our study, 14 of 103 patients 
at risk (14 percent) either died or had a cerebrcvascular 
accident during this interval. In other large series,!2- 14.17 
the intermediate mortality ranged from 14 to 42 per- 
cent. Earlier baffle repair has been advocated!?-?^ to 
reduce this risk. Although baffle repair at an earlier age 
would reduce the number of preoperative complications, 
some reports?9-?5 have described a higher rate of mor- 
tality and postoperative complication when the proce- 
dure is performed in very small infants, especially those 
under age 3 months. 

In most cardiac centers, the mortality rate for baffle 
repair is 10 to 15 percent in patients with intact ven- 
tricular septum and 20 to 40 percent in patients with 
ventricular septal defect. Balderman et al.,?? in a review 
of 591 reported cases, found operative mortality rates 
of 17 and 40 percent in patients with intact septum and 
ventricular septal defect, respectively. In addition to 
operative mortalitv, numerous reports have demon- 
strated hemodynamic and electrocardiographic ab- 


FIGURE 1. Life table for 112 patients in this study. Note 
the high mortality rate in the first 3 months, followed by 
lower rates of mortality and morbidity over the next 4 
years. With one exception, deaths after the 1st year were 
related to baffle repair. "Complications" include stroke, 
pulmonary vascular disease, symptomatic arrhythmia and 
post-Mustard operation hemodynamic abnormality. 
Numbers in parentheses indicate patients at risk during 
subsequent age interval. 


normalities after baffle repair. These complications, 
recently summarized in detail by Paul,?? include cardiac 
arrhythmia, venae caval and pulmonary venous ob- 
struction, right ventricular dysfunction and progressive 
pulmonary hypertension. These complications result 
in an appreciable number of late deaths. Data from our 
patients, combined with findings from five other cen- 
ters,19?1— reveal a late postoperative mortality rate of 
8 percent among 630 survivors of baffle repair. 

The operative and postoperative deaths and the 
nonfatal complications of the Mustard procedure have 
stimulated the development of alternative operations 
for patients with transposition. Recent proposals have 
included switching the great arteries with reimplanta- 
tion of the coronary arteries?? and a revival of the 
Senning procedure.’ At present, there are insufficient 
data to judge the roles of these procedures in the man- 
agement of the infant with transposition of the great 
arteries. 

Survival results: Thus, although the outlook for the 
newborn with transposition of the great arteries has 
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been improved by the introduction of balloon atrial 
septostomy and Mustard’s intraatrial baffle repair, 
considerable risks of mortality and morbidity remain. 
Summarized, these include a mortality rate of about 10 
percent in the neonatal period, a 10 to 15 percent risk 
of stroke or death between balloon septostomy and 
baffle repair, an operative mortality rate of about 10 
percent (higher if ventricular septal defect is present) 
and a late postoperative mortality rate of 8 percent, with 
hemodynamic or electrophysiologic residua or sequelae 
in another 20 to 30 percent. With the plan of manage- 
ment we have outlined, approximately 50 percent of 
newborns with transposition will survive for 5 years with 
excellent function. Another 15 to 20 percent will survive 
with one or more medical handicaps. 
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There are two types of congenital bilateral subclavian steal. The first type 
is accompanied by severe coarctation or interruption of the aorta in which 
both the right and left subclavian arteries have their origin distal to the 
obstruction in the aorta. In most cases with complete interruption of the 
aorta there is a large ventricular septal defect. The second, less common 
type of steal is associated with isolated atresia of the proximal segment 
of the subclavian arteries. In the first type of steal, the anatomic predis- 
position for the steal is present from birth but clinical symptoms frequently 
do not appear until childhood or adolescence. In the newborn the presence 
of a widely patent ductus arteriosus and its capacity to transmit the flow 
and pressure from a hypertensive pulmonary artery to the descending 
aorta and thus to the subclavian arteries prevents cerebral symptoms and 
angiographic signs, but in the older infant and child, the internal diameter 
of the ductus has usually decreased, leading to symptoms of the subcla- 
vian steal syndrome. 


Congenital bilateral subclavian steal usually results when there is severe 
coarctation of the aorta^? or a completely interrupted aortic arch 
(commonly associated with a ventricular septal defect) and when both 
the right and left subclavian arteries have their origin distal to the aortic 
obstruction. If the syndrome exists in the presence of a normal aorta, 
then the proximal segment of the subclavian arteries must be atretic. 
Two examples of the latter type of steal have been evaluated with an- 
giocardiography,^* and the hemodynamics and pathophysiology of this 
type are easily understood. Of the former type, although cases with the 
anatomic conditions for the syndrome have been reported, !? only three 
cases have been demonstrated to have bilateral subclavian steal on an- 
giocardiography.'?!! No previous investigators have noted the relation 
between the ductus arteriosus and central nervous system symptoms, 
full patency of the ductus being responsible for the absence of neurologic 
manifestations. In this report we describe two patients of different ages 
with this complex cardiac malformation. In both cases the angiocardi- 
ographic and hemodynamic data support the hypothesis that the re- 
gional blood flow to the head and upper limbs depends on the presence 
and internal diameter of the ductus arteriosus. 


Case Reports 
Case 1 


An 8 day old full-term girl, the product of a normal pregnancy and delivery, 
was referred to this medical center because of respiratory distress and a cardiac 
murmur. Physical examination revealed a mildly cyanotic, crying, tachypneic 
infant with arterial pulses easily palpable in the carotid arteries but weak in all 
four limbs. Blood pressure measurements were 80/50 in the upper and 70/50 mm 
Hg in the lower limbs. A grade 2/6 ejection systolic murmur was heard along the 
left sternal border. The liver was palpable 4 cm below the right costal border. 
An electrocardiogram demonstrated right ventricular hypertrophy and biatrial 
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enlargement, and a chest roentgenogram revealed moderate 
cardiomegaly with an increase in the lung vasculature. 

Cardiac catheterization and angiocardiography were 
performed after digitalis therapy was instituted and after 
clinical improvement and stabilization. These procedures 
revealed interruption of the isthmus of the aortic arch, an 
interatrial communication, a ventricular septal defect, pul- 
monary hypertension and a widely patent ductus arteriosus 
that continued as a right-sided descending aorta with both 
subclavian arteries originating from the thoracic aorta. Left 
ventricular angiocardiography (Fig. 1A) demonstrated the two 
carotid arteries originating from the ascending aorta and a left 
to right shunt at the ventricular level; the descending aorta 
was not visualized. Delayed films revealed opacification of the 
jugular veins when contrast material returned from the cra- 
nium. There was no arterial collateral circulation to the sub- 
clavian arteries. A second contrast injection into the right 
ventricle (Fig. 1B) demonstrated a dilated pulmonary artery 
and branches, and right and left subclavian arteries that were 
opacified after the descending aorta was visualized through 
the ductus arteriosus. 


Case 2 


A girl born in 1956 was seen for the first time in 1965 at the 
Nationa! Children’s Cardiac Hospital in Miami. She was the 
product of a normal pregnancy and delivery. A heart murmur 
was detected at age 2 months. In 1958 congestive heart failure 
developed, and, when she subsequently underwent cardiac 
catheterization, the data were believed to demonstrate a 
persistent ductus arteriosus and pulmonary hypertension. Our 
initial evaluation, when she was 9 years old, revealed an active 
girl with moderate cyanosis. A grade 3/6 high-pitched, harsh 
systolic ejection murmur was loudest at the third left inter- 
costal space but audible over the entire left precordium. Both 
radial and femoral pulses were decreased. Blood pressure in 


the right arm was 85/65 mm Hg, with no pressure obtainable 
in the legs. An electrocardiogram revealed right ventricular 
hypertrophy and biatrial enlargement. Chest X-ray film 
demonstrated a moderately enlarged heart with a prominent 
aorta and pulmonary arteries and increased pulmonary vas- 
cular markings. 

Repeat cardiac catheterization and angiocardiagraphy 
revealed interruption of the aortic arch proximal to the ustial 
location of origin of the left subclavian artery, a ventricular 
septal defect with pulmonary arterial hypertension and ea 
persistent ductus arteriosus continuing as the descending 
aorta and giving rise to an aberrant right subclaviar artery. 
Systolic pressure in the ascending aorta, entered through the 
ventricular septal defect, was 23 mm Hg higher than that re- 
corded in the descending aorta (entered through the persistent 
ductus). Pulmonary angiocardiography (Fig. 2A) demon- 
strated opacification of the pulmonary artery and its branches 
as well as the descending aorta, which gave rise to the left and 
right subclavian arteries side by side. Only the proximal seg- 
ment of each subclavian artery was opacified. After injection 
of contrast material into the ascending aorta (Fig. 2B) only 
the right and left carotid arteries were visualized. Delayed 
films (Fig. 2C) revealed retrograde opacification of the ver- 
tebral vessels and both distal subclavian arterial systems. 

The patient was considered to be in inoperable condition 
because of the advanced degree of pulmonary vaseular ob- 
structive disease. At age 14 years she began to complain of 
dizziness and vertigo. Results of complete neurologic and 
biochemical evaluations were normal. Clinically, her symp- 
toms were thought to be best explained by the development 
of a subclavian steal syndrome. This was further substantiated 
by the disclosure with ophthalmodynamometry of a systolic 
retinal artery pressure of 120 mm Hg, suggesting an increase 
in the gradient between the ascending aorta and its distal 
thoracic segment. 





FIGURE 1. Case 1. Angiocardiograms. A, left ventricular angiogram demonstrating a marked left to right shunt at the ventricular level. The ascending 
aorta is to the right of a dilated pulmonary artery and divides into the right and the left carotid arteries, after which there is complete interruption 
of the aorta. B, right ventricular angiogram demonstrating ‘‘washout"’ of contrast material in the outflow of the right ventricle due to the large left 
to right shunt. A dilated pulmonary artery and its branches as well as a right descending aorta are opacified. Arrows point to the right and left subclavian 
arteries arising from the descending aorta. 
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Discussion 


` Role of the ductus arteriosus: Two patients seen 


at different ages with the same anomaly afforded the 
opportunity to observe the natural progress of con- 
genital bilateral subclavian steal (Fig. 3). It appears 
likely that in the neonate and infant the ductus arteri- 
osas remains widely patent, allowing the transmission 
of pressure from the hypertensive pulmonary artery into 
the aorta, assuring anterograde flow to the subclavian 
arteries. This was verified by opacification of the latter 
after right ventricular angiocardiography and by the 
absence of retrograde filling after left ventricular con- 
trast injection. When the ductus narrows a pressure 
gradient develops between the main pulmonary artery 
and the descending aorta with a resultant decrease in 





FIGURE 2. Case 2. Angiocardiograms. A, main pulmonary arterial 
angiogram. There is dilatation of the main pulmonary artery (MPA) 
as well as its branches. The proximal segments of both subclavian 
arteries (LS, RS) are opacified to the point of origin of the vertebral 
arteries. Ao = descending aorta. B, aortic root angiogram. Only 
the right and left carotid arteries arise from the aorta, which is then 
interrupted after the origin of the left carotid artery. C, 5 second 
delayed film after the aortic root injection demonstrating retrograde 
opacification of the vertebral and subclavian arterial systems and 
extensive collateral tormation. RV, LV = right and left vertebral 
arteries, respectively. RS, LS = right and left subclavian arteries, 
respectively. 
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pressure in the descending aorta. Ductal narrowing 
further establishes a gradient between the carotid and 
subclaviansystems resulting from the decrease in the 
anterograde flow to the aberrant subclavian arteries and 
development of collateral channels from the ascending 
to the descending aorta through the circle of Willis- 
vertebral arterial systems (Fig. 2C and 3). The resultant 
diminution in pressure in the subclavian arteries is 
sufficient to create a gradient and produce the steal 
phenomenon. Neurologic symptoms that appeared in 
the second decade of life in Patient 2 are presumably 
due to decreased diameter of the ductus arteriosus with 
a further decrease in pressure in the descending aorta 
and an increase in the carotid arterial pressure (retinal 
arterial pressure 120 mm Hg). 
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Case 2 


Case 1 





Role of a ventricular septal defect: Not only does 
the patency of the ductus arteriosus contribute to the 
pathophysiology of the “steal,” but also the presence of 
a large ventricular septal defect is a significant factor. 
Although the two reported cases! with the diagnosis 
of “bilateral congenital subclavian steal" had exclusively 
a severe coarctation of the aorta, in the great majority 
of cases with complete interruption of the aorta a ven- 
tricular septal defect is also present.!? Such a defect, if 
large, results in equalization of systolic pressures in both 
ventricles and both great vessels. Thus, regardless of the 
patient's age, if either the septal defect or the ductus 
decrease in size, the diminution in pressures in the 
pulmonary artery and descending aorta results in a 
decrease in the anterograde flow to the aberrant sub- 
clavian arteries and the appearance of the symptoms of 
subclavian steal. 

Other factors contributing to subclavian steal: 
In the presence of proximal subclavian arterial ob- 
struction, it has been demonstrated in dogs!? that a 


FIGURE 3. Schematic drawing showing blood pressure and flow 
patterns at cardiac catheterization in the two cases. Arrows 
indicate the blood flow pattern. A. — artery; ART. — artery; ASC. 
— ascending; C. — circle; CAR — carotid; DESC. — descending; 
DUCT. = ductus arteriosus; L. = left; L.V.A. = left vertebral 
artery; P. = pulmonary; R. = right; R.V.A. = right vertebral artery; 
S. CLAV. = subclavian. Numbers indicate systolic/diastolic and 
(mean) pressures (mm Hg). 


mean pressure difference of 22 percent is sufficient to 
divert blood flow from the carotid-cerebral circulation 
to the subclavian artery. 'This was supported by the 
hemodynamic indexes measured in our Case 2 (peak 
systolic pressure gradient of 23 mm Hg between the 
ascending aorta and its distal interrupted segment). 
However, such variables as peripheral vasodilation, 
exercise, inadequate arterial collateralization, and 
pharmacologic interventions!^ could also result in a 
decrease in pressure in the descending aorta with a 
subsequent increase in the steal. 

We have found one rare exception to this hypothetical 
evolution of symptoms in a case report!? of a 23 year old 
man who had the same cardiovascular anatomy found 
in our cases but who did not demonstrate the steal 
phenomenon clinically. This patient's hemodynamic 
findings weresimilar to those of our newborn infant, and 
we believe that he did not show evidence of the steal 
phenomenon during life because of the associated 
widely patent ductus arteriosus. 
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Two new Lithium Pulse Generators 


$ from Siemens-Elema, 
_ the people who pioneered with the 
^. first implanted pacemaker in 1958. 


Dr. Rune Elmavist of Siemens-Elema and Dr. Ake Senning developed the pulse generator implanted by Dr. Senning in 1958 for the world's first pacemaker implantation. 
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Small (36 cm?) and 
lightweight (76 g.). 
Soft, convex-concave design. 


Hermetically sealed 
titanium encapsulation. 


Highly reliable hybrid circuitry. 
Lithium-lodine power source. 


Two separate battery 
depletion indicators. 


Tangential lead connection. 


SIEMENS-ELEMA 


U.S. Pacemaker Division, Elema-Schonander, Inc. 
Box 128, Elk Grove Village, Illinois 60007; (312) 640-6460. 
World Headquarters, Pacemaker Division, 817195, Solna, Sweden 


The unique Vario" non-invasive 
threshold measurement system 
in the ventricular inhibited 629. 


by BANE I e RE 








e Magnet placed over implanted 


generator initiates test sequence: 
Battery bes (phase 1). 
p 


Vario cycle (phase 2) for 
threshold determination. 


e Compatible pin-type leads. 


e Hermetically sealed 
titanium encapsulation. 
e Lithium-lodine power source. 


e Two separate battery 
depletion indicators. 
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detail is everything, and the key represents the state-of-the-art in mode can älso be easily dis- 
to detail in ultrasound scanners, highly advanced high speed played independently on a 
is resolution. The finer the resolu- ultrasonic electronic scanners. A second CRT and/or strip re- 
tion, the clearer the detail, and real time cross sectional, two- corder. Additionally, the “M” 
the easier it is to make an accu- dimensional “B” mode image of mode provides four channels of 
rate diagnosis of a cardiac condi- the heart structure can be clearly physiological monitoring, EKG, 
tion. obtained by positioning the probe phono-cardiogram, carotid pulsg 
Our new heart dedicated on the chest wall. Valve move- and apex pulse. 
Sonolayergraph SSH-1LOA is ments, chamber size and detail of When it comes to prov ding an 
unsurpassed when it comes to the internal structures of the heart accurate picture of your patient's 
resolution, providing an ultrafine can be clearly observed, heart condition, there are two 
diagnostic image. measured and diagnosed. The things to remember, resolution 
EFT ^ -— as  SSH-l0ỌA is also capable of ob- and Toshiba. 
E | taining two “M” mode tracings Mui. ub di 

simultaneously as well as ' mode ima 

Kymograph" studies. With its 78? 

true wide angle sector range, the 

SSH-10AÀ provides a permanent 

EKG, phono-cardiogram, and 

patient ID with digital 

caliper read-out on 


the CRT in the “B” 


‘Details about 
ho heart you never 


thought possible 


Toshiba s dedicated heart ultrasound, featuring 
ultrafine resolution and electronic phased array 
in real time images 
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MEDICAL SYSTEMS 


In Touch with Tomorrow 


Division Of Toshiba International Corporation 
1154 Dominguez St., Carson, California 90745 (213)638-5153 
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For First-Step Management of 
Your Hypertensive Patient 


a ELACRYN 


250 mg 
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Proven Consistent Reduction 
of Elevated Blood Pressure... 
Once-a-Day Dosage 


New 'Selacryn' gives your patient the benefits of known, dependable anti- 
hypertensive activity. Clinical experience in more than 500 hypertensive 
patients proves that ‘Selacryn’ provides all the antihypertensive effect you 
expect from a diuretic. Double-blind studies establish that 'Selacryn' pro- 
vides an antihypertensive effect equal to that of hydrochlorothiazide, and 
that Selacryn' exerts its antihypertensive effect when administered once a 
day. For patients not responding to 250 mg. once daily, dosage may be 
increased to 500 mg. once daily or 250 mg. administered twice daily. 








SELACRYN vs. HYDROCHLOROTHIAZIDE 
IN HYPERTENSIVE PATIENTS—SIX-MONTH STUDY 
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This chart presents results from a six-month multi-center double-blind study involving 71 
hypertensive patients receiving Selacryn' (250 or 500 mg./day) and 72 hypertensive 
patients receiving hydrochlorothiazide (50 or 100 mg./day). Active medication was 
preceded by a one-week drug-free period and two or three weeks on placebo. 
Differences between the two medications were not statistically significant.’ 
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A Single-Entity Diuretic with 
Iwo Distinct Actions 
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Prompt Reduction of Uric Acid 
in Hypertensive Patients 


Because of its uricosuric activity, elevated uric acid is not a 
concern with 'Selacryn' in the treatment of hypertensive 
patients. Since uric acid excretion is accompanied by 
diuresis, urine concentration of uric acid does not increase 
during Selacryn' therapy. 


SELACRYN (brand ot ticrynafen) vs. HYDROCHLOROTHIAZIDE 
IN HYPERTENSIVE PATIENTS—SIX-MONTH STUDY 
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Data for this chart were derived from the same six-month multi-center double-blind study 
described at left. 


See following five pages for more information and prescribing information. 


For First-Step Management of 
Your Hypertensive Patient 


~ SELACRYN — 


250 mg. 


ticrynafenzs 


Effective Alone and in Combination 
with Non-Diuretic Antihypertensives 


Once a Day for Initial Therapy and Long-Term Control 


‘Selacryn’ provides all the antihypertensive effect you expect from a diuretic, 
with the convenience of once-a-day dosage. Clinical experience has con- 
sistently demonstrated that the antihypertensive effect of Selacryn' is equiva- 
lent to that of hydrochlorothiazide. For patients not responding to 250 mg. 
once daily, dosage may be increased to 500 mg. once daily or 250 mg. 
administered twice daily. 








An Effective Adjunct to Non-Diuretic Antihypertensives 


Clinical experience with 'Selacryn' in combination with propranolol, methyldopa 
and other non-diuretic antihypertensives proves pharmacological compat- 
ibility and additive effect. When 'Selacryn' is used with other antihypertensive 
drugs, the dose of such other agents should be reduced by one-half, initially. 
Titrate to achieve optimal response. 





A New Product You Can 
Prescribe with Confidence 


Comprehensive Testing in Laboratory and Clinic’ 


Thorough testing, in every phase of research, has established both the 
efficacy and safety of ‘Selacryn’. Selacryn' has been administered in 
clinical studies to more than 500 patients with hypertension and 114 
with congestive cardiac failure. More than one hundred of these patients 
have been treated with ‘Selacryn’ for 12-36 months. 


In most respects, the type and incidence of adverse reactions are 
similar to those seen through the years with the thiazides. Standard 
laboratory tests you use to monitor the course of thiazide therapy are 
indicated when you prescribe ‘Selacryn’. 


Reduce Dosage of Concomitant Oral Anticoagulants 


‘Selacryn’ potentiates the action of oral anticoagulants and should 
be used with caution with other protein-bound agents. ‘Selacryn’ causes 
a decrease in excretion of penicillin. 


Maintain Adequate Fluid Intake with Initial Doses of Selacryn® 


brand of ticrynafen 
Initial doses of ‘Selacryn’ usually produce sufficient diuresis so 
that supplemental fluids and alkalization of the urine are not ordinarily 
necessary. Normal intake of fluid should be maintained initially in patients 
with pre-existing elevated uric acid levels. Patients who are dehydrated, 
or who are switched to ‘Selacryn’ from other diuretics, should maintain 
daily fluid intake of 1500 cc. (48 oz.) for the first three days of therapy. 


Potassium Supplements Are Usually Not Necessary 


‘Selacryn is similar in kaliuretic effect to hydrochlorothiazide, 

and potassium supplementation may be advisable in some patients. 
All patients receiving diuretic therapy should be observed for 
clinical signs of fluid or electrolyte imbalance. 


Some patients who received Selacryn' and triamterene have shown 
marked elevation of BUN and creatinine. Therefore, such a combination 
is not recommended. 


See following three pages for more information and prescribing 
information. 
1. Data on file, SK&F Medical Department. 


For Fi rst-Step Management of 
Your Hypertensive Patient 
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PRESCRIBING INFORMATION 
DATE OF ISSUANCE APRIL 1979 


Antihypertensive—Diuretic—Uricosuric 


DESCRIPTION 
‘Selacryn’ (brand of ticrynafen) is [2, 3-dichloro-4- 
(2-thienyicarbonyl)-phenoxy) acetic acid. 
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CLINICAL PHARMACOLOGY 
Actions: Three principal actions have been estab- 
lished: antihypertensive, diuretic and uricosuric. 


Antihypertensive: ‘Selacryn’ (brand of ti- 
crynafen) provides a significant and consistent 
antihypertensive effect at doses of 250 to 500 
mg. per day. Little additiona! antihypertensive 
effect is obtained at higher doses. Initially, this 
effect is provided primarily through reduction 
of plasma volume due to the diuretic properties 
of the compound. The ae edd consistent 
antihypertensive effect of 'Selacryn' may in- 
volve both renal and extrarenal mechanisms; 
the exact antihypertensive mechanisms of di- 
uretics are not known. 'Selacryn' does not sig- 
nificantly lower blood pressure in normoten- 
sive subjects. 


Diuretic: The major site of diuretic action of 
'"Selacryn', like the thiazides, is in the cortical 
diluting segment of the distal convoluted tu- 
bule of the nephron. 


The diuretic and natriuretic effects of 'Sela- 
cryn' are dose related through the therapeutic 
range of 250 mg. once daily to 500 mg. twice 
daily. Little additional diuretic effect is obtained 
with higher doses. The diuretic and natriuretic 
effects begin in one hour after oral adminis- 
tration, reach a maximum in two to four hours, 
and continue for 12 to 24 hours depending 
upon the dosage and the individual response 
of the subject. The urnary excretion of so- 
dium, chloride and potassium produced by 
250 mg. of 'Selacryn' is equivalent to that pro- 
duced by 50 mg. of hydrochlorothiazide. 


Uricosuric: 'Selacryn' causes a prompt, con- 
sistent reduction in botn normal and elevated 
serum uric acid levels. As with the diuretic ac- 
tivity, the reduction in serum uric acid with 
‘Selacryn’ is dose related through the range of 
125 mg. to 250 mg. per day. Little additional 
uricosuric effect is obtained with higher doses. 
A 125 mg. dose of 'Selacryn' lowers serum 
uric acid levels to about the same extent as 
500 mg. of probenecid. 


Pyrazinamide suppression studies demonstrate 
that reduction of serum uric acid is produced 
through inhibition of urate reabsorptive mecha- 
nisms at both pre- and postsecretory sites in the 
proximal tubule, resulting in enhanced urinary 
excretion of both filtered and secreted uric acid. 
In crystal equilibration studies in normal volun- 
teers, 'Selacryn', by virtue of its inherent di- 
uretic effect, did not significantly increase the 
degree of urinary saturation of either uric acid 
or monosodium urate. 


OCH 2 -COOH 





250 mg. 
Tablet 


In vitro, 'Selacryn' has no significant inhibitory 
activity upon xanthine oxidase. There is no en- 
hanced excretien of the oxypurines, xan- 
thines, or hypoxanthines, indicating that 
‘Selacryn’ does not interfere with purine 
metabolism. 


The administration of 'Selacryn' (250 mg.) with 
other diuretics (hydrochlorothiazide 50 mg., fu- 
rosemide 40 mg., acetazolamide 500 mg.) can 
produce additive diuretic and natriuretic effects, 
while the reduction of serum uric acid and uricosu- 
ric effects of 'Selacryn' are maintained. 


PHARMACOKINETICS 

'"Selacryn" (brand of ticrynafen) is rapidly absorbed 
and is cleared from the body by metabolism and by 
excretion in the urine. Following administration of 
250 mg., significant plasma levels of 'Selacryn' are 
apparent within one hour, with maximum plasma 
concentration reached at two to three hours. 
'Selacryn' is rapidly cleared from plasma, with a 
half-life of approximately two hours. 'Selacryn' ap- 
pears essentially unchanged in plasma although 
traces of oxidized and reduced metabolites are 
also present. Approximately 8096 of 'Selacryn' is 
excreted in the urine, 3496 as the parent drug. 


CLINICAL STUDIES 

Hypertension: Double-blind multi-investigator 
studies were carried out in hypertensive patients 
with supine diastolic blood pressure of 95-115 
mmHg. In short- and long-term studies, 'Selacryn' 
(brand of ticrynafen) effectively and consistently 
lowered blood pressure to the same degree as hy- 
drochlorothiazide. The results of representative 
studies are given below. 


Short-Term (Six Weeks) Therapy 


No Supine Diastolic Serum Uric Acid 
Patients Bloud Pressure (mmHg ) (mg.%) 
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Selacryn' 

(250 mg 66 51 33 -28 
once or 

twice daily ) 


Hydrochloro- 
thiazide 59 
(50 mg 
once or 
twice daily ) 
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Hydrochloro- 

thiazide 72 
(50 mg 
once or 
twice daily) 








Patients from the double-blind studies were contin- 
ued on ‘Selacryn’ (250 mg. or 500 mg. daily); su- 
pine diastolic pressure was controlled at levels of 
90 mmHg. or less in about 75% of the patients. Ap- 
proximately 50% of the patients received concomi- 
tant therapy with nondiuretic antihypertensive 
agents such as propranolol or methyldopa. 

Congestive Cardiac Failure: Double-blind studies 
of six to 12 weeks duration comparing the effects 
of ‘Selacryn’ (250 or 500 mg. daily) and hydro- 
chlorothiazide (50 or 100 mg. daily) in patients 
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with congestive cardiac failure of various etiologie 
showed that 'Selacryn' and hydrochlorothiazid 
were equally effective in controlling signs an 
symptoms of congestive cardiac failure. Patient 
treated with 'Selacryn had a significant decreas 
in serum uric acid levels, whereas those treate 
with hydrochlorothiazide had an increase or m 
significant change in serum uric acid levels. 


INDICATIONS 

‘Selacryn’ (brand of ticrynafen) is indicated in t 
management of hypertension, with or without h 
peruricemia, either as the sole therapeutic age 
or to enhance the effectiveness of other antihype 
tensive drugs in the more severe forms of hype 
tension. Because of its uricosuric activit 
‘Selacryn’ will not increase serum uric acid level 
as other diuretic agents usually do. 


'Selacryn' is indicatec in the management of s 
and water retention states associated with cong 
tive cardiac failure. 


Use in Pregnancy. Routine use of diuretics duri 
normal pregnancy is inappropriate and expos 
mother and fetus to unnecessary hazard. Diureti 
do not prevent development of toxemia of pr 
nancy and there is no satisfactory evidence th 
they are useful in the treatment of toxemia. 


Edema during pregnancy may arise from path 
logic causes or from tne physiologic and mecha 
cal consequences of pregnancy. Diuretics a 
indicated in pregnancy when edema is due 

pathologic causes, just as they are in the absen 
of pregnancy (however, see WARNINGS belo 
Dependent edema in pregnancy, resulting from 
striction of venous return by the gravid uterus, 
properly treated through elevation of the lower 
tremities and use of support stockings. Use of 
uretics to lower intravascular volume in t 
instance is inappropriate. During normal pr 
nancy there is hypervolemia which is not harm 
to the fetus or the mother in the absence of card 
vascular disease. However, it may be associat 
with edema, rarely generalized edema. If su 
edema causes discomfort, increased recumben 
will often provide relief. Rarely this edema 
cause extreme discomfort which is not relieved 
rest. In these instances, a short course of diur 
therapy may provide relief and be appropriate. 


CONTRAINDICATIONS 
Anuria, severe or progressive renal disease, 
persensitivity to the drug, and known renal 
acid calculi. 


WARNINGS 
Interaction with Anticoagulants: ‘Se/acr 
(brand of ticrynafen) potentiates the action of 
anticoagulants. Therefore, reduction in the a 
coagulant dosage is required in patients receiv 
both drugs. /n vitro studies indicate that ‘Selacr 
can compete with warfarin for the same prot 
binding sites to cause an increase in free warfar 


Potassium-Sparing Diuretics: Marked elevat 
of BUN and creatinine has been seen in some 
tents who received 'Selacryn' and triamtere 
Therefore, such a combination is not rec 
mended. 


Patients with Impaired Liver Function: 'S 
cryn', like the thiazides, is not considered ap 
priate therapy in hepatic ascites and its use is 
recommended in such patients. In severel 
hepatic ascites patients treated with 'Selacr 
elevations of BUN (up to 44 mg.96) and se 
creatinine (up to 4.5 mg.96) have been obse 








































Usual Dosage: 
* . Once a Day 





for Hypertension... 


250 mg.lablet 


hh elevations were not seen in ambulatory cir- 
lic patients with mild ascites. 


ients with Impaired Renal Function: In pa- 
ts with progressive or advanced renal disease, 
lacryn' may precipitate azotemia. Cumulative 
icts of diuretics may develop in patients with im- 
'ed renal function. Frequent electrolyte, creati- 
e and BUN determinations should be performed 
ly in therapy and periodically thereafter during 
tment. If renal impairment progresses, 'Sela- 
n' should be discontinued. 


age in Pregnancy: There has been no experi- 
ie to date with the use of 'Selacryn' in pregnant 
ients. However, animal studies have demon- 
ited that 'Selacryn' crosses the placental bar- 
. Teratology studies have shown no effects 
ibutable to 'Selacryn'. Routine use of diuretics 
ing normal pregnancy is inappropriate and ex- 
ies mother and fetus to unnecessary hazard. 
acryn' should not be used in pregnant patients 
ss in the judgment of the physician the antici- 
benefits outweigh the potential risks. 


ing Mothers: It is not known whether 'Sela- 
' is excreted in human milk. As a general rule, 
ing should not be undertaken while a patient is 
drug since many drugs are excreted in human 
. 'Selacryn' is excreted in the milk of animals. 


CAUTIONS 

d Intake: Fluid intake should be increased for 
irst three days of therapy (to a total of approxi- 
ly 1500 cc. per day) in patients who may be 
drated (e.g., patients with excessive alcohol 
e, severe vomiting or diarrhea), particularly if 
patients are hyperuricemic or when 'Selacryn' 
d of ticrynafen) is instituted as a replacement 
ther diuretics. Initial doses of 'Selacryn' usu- 
produce sufficient diuresis in normal patients 
hat supplemental fluids and alkalinization of 
are not necessary; patients with elevated se- 
uric acid levels should be instructed to main- 
normal fluid intake. 


ents with Gout: Any drug with uricosuric or 
tic activity, including 'Selacryn', may precipi- 
acute attacks of gout. Therapeutic doses of 
hicine are recommended to control the acute 
k, during which treatment with 'Selacryn' may 
ntinued. 


Metabolism: 'Selacryn' exerts effects on 
ose metabolism similar to those observed with 
ide diuretics. Insulin requirements may be af- 
in diabetics, and hyperglycemia and glycos- 
may occur in patients with latent diabetes. 
/Serum Creatinine: Elevation of BUN and/ 
rum creatinine can occur during diuretic ther- 
These effects usually revert to baseline values 
g continued therapy or upon withdrawal of 
rug. 




























e Imbalance: Al! patients receiving di- 
therapy should be observed for clinical signs 
id or electrolyte imbalance, i.e., hypokalemia, 
natremia and hypochloremic alkalosis. Peri- 
determination of electrolytes to detect pos- 
electrolyte imbalance should be performed at 
priate intervals. Serum and urine electrolyte 
minations are particularly important when the 
t is vomiting excessively or receiving paren- 
fluids. Medication such as digitalis may also 
nce serum electrolytes. Warning signs, irre- 
ive of cause, are dryness of mouth, thirst, 
ness, lethargy, drowsiness, restlessness, 
le pains or cramps, muscular fatigue, hypo- 


tension, oliguria, tachycardia and gastrointestinal 
disturbances such as nausea or vomiting. Hypoka- 
lemia can sensitize or exaggerate the response of 
the heart to the toxic effects of digitalis (i.e., in- 
creased ventricular irritability). Any chloride deficit 
is generally mild and usually does not require spe- 
cific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). 


Cytotoxic Agents: Drugs with uricosuric activity 
should be used with caution in patients receiving 
cytotoxic agents. Since cytotoxic agents result in 
increased uric acid formation, and some are neph- 
rotoxic, use of cytotoxic drugs with uricosuric 
drugs requires individualization of dosage and 
management. 


Pediatric Usage: Safety and effectiveness of 
'Selacryn' in children have not been established. 


DRUG INTERACTIONS 

Protein-Bound Drugs: ‘Selacryn’ (brand of ti- 
crynafen) potentiates the action of oral anticoagu- 
lants (See Warnings). 


Because in vitro studies with tolbutamide, pheny- 
toin (diphenylhydantoin), and warfarin have shown 
competition for protein-binding sites, caution 
should be exercised when ‘Selacryn’ is adminis- 
tered with other drugs that are highly protein 
bound. 


Potassium-Sparing Diuretics: Marked elevation 
of BUN and creatinine has been seen in some pa- 
tients who received ‘Selacryn’ and triamterene. 
Therefore, such a combination is not recom- 
mended 


Organic Acids: Like other uricosurics, 'Selacryn' 
may compete with some cornpounds for excretion 
sites in the nephron. This results in decreased ex- 
cretion and increased plasma levels of these 
agents. Some of the compounds which may com- 
pete with 'Selacryn' for excretion are amino- 
hippuric acid (PAH), penicillin, phenolsulfonphthal- 
ein (PSP), and salicylates. 'Selacryn' causes a de- 
crease in the excretion of penicillin and PSP. 


Salicylates have a slight inhibitory effect on the uri- 
cosuric action of 'Selacryn'. 


Lithium: Lithium generally should not be given 
with diuretics because they reduce its renal clear- 
ance and increase the risk of lithium toxicity. Read 
circulars for lithium preparations before use of 
such concomitant therapy with 'Selacryn'. 


ADVERSE REACTIONS 

Adverse reactions seen with 'Selacryn' (brand of 
ticrynafen) in controlled studies were approxi- 
mately the same as those seen with hydro- 
chlorothiazide. Except where noted, the following 
adverse effects seen with 'Selacryn' have been re- 
ported in a small number of patients, e.g., approxi- 
mately 1 in 100. Gastrointestinal: anorexia, 
nausea, vomiting, dyspepsia, cramping, diarrhea, 
constipation; Central nervous system: dizziness / 
lightheadedness (totaled approximately 9 in 100), 
headache (approximately 4 in 100), paresthesia, 
syncope, vertigo, somnolence, insomnia; Cardio- 
vascular: orthostatic hypotension, palpitation; Hy- 
persensitivity: rash, urticaria, pruritus, rare cases 
of fever and interstitial nephritis, which cleared on 
withdrawal of the drug, have been reported; how- 
ever, no causal relationship has been established. 
Other: fatigue /tiredness (approximately 4 in 100), 
hyperglycemia, glycosuria, muscle cramps, weak- 
ness, bitter taste and dryness in mouth. In gouty 
patients, exacerbation of gout, renal colic or cos- 
tovertebral pain. Abnormal liver function tests and 
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jaundice have been reported in a few patients 
treated with 'Selacryn' (brand of ticrynafen); how- 
ever, no causal relationship has been established. 


The following adverse reactions have not been re- 
ported to date with 'Selacryn' but have occurred 
with thiazides or other diuretics: pancreatitis, si- 
aladenitis, xanthopsia, purpura, photosensitivity, 
necrotizing angiitis, Stevens-Johnson syndrome, 
respiratory distress, anaphylactic reaction, leuko- 
penia, agranulocytosis, thrombocytopenia, aplastic 
anemia, restlessness and transient blurred vision. 


DOSAGE AND ADMINISTRATION 

Adequate fluid intake should be maintained in nor- 
mal patients. Fluid intake should be increased for 
the first three days of therapy in dehydrated pa- 
tients or in patients in whom ‘Selacryn’ (brand of 
ticrynafen) is instituted as a replacement for other 
diuretics (See Precautions). 


Hypertension: The usual adult starting dose is one 
250 mg. tablet daily. Depending upon the re- 
sponse of the patient, after two to four weeks dos- 
age may be increased to 500 mg. as a single daily 
dose or one 250 mg. tablet twice a day. 


Although reduction of blood pressure may be seen 
within two to three days, three to four weeks may 
be required to achieve optimal therapeutic effect. 


When used with other antihypertensive agents, the 
dose of such other drugs should be reduced by 
one-half. Titrate to achieve optimal response. 


Salt and water retention states associated with 
congestive cardiac failure. The usual adult starting 
dose is one 250 mg. tablet daily. Depending upon 
the response of the patient, dosage may be in- 
creased to 500 mg. as a single daily dose or one 
250 mg. tablet twice a day. Daily dosage should 
not exceed 1000 mg. 


ACCIDENTAL OVERDOSE 

Diuretic overdosage may cause excessive diuresis 
with hypovolemia, postural hypotension and se- 
vere electrolyte imbalance. Excessive uric acid ex- 
cretion with massive doses of 'Selacryn' (brand of 
ticrynafen) may have the potential of producing 
urate nephropathy and renal failure. Appropriate 
therapy for overdosage should include restoration 
of fluid and electrolyte balance. Alkalinization of 
urine with sodium bicarbonate should be consid- 
ered if the acid-base status of the patient permits. 
When alkali is administered, the acid-base balance 
of the patient should be frequently monitored by 
laboratory tests. 


HOW SUPPLIED 

'Selacryn' (brand of ticrynafen) tablets are sup- 
plied as light blue, round, scored, monogrammed 
tablets of 250 mg. in bottles of 100, and in Single 
Unit Packages of 100 (intended for institutional 
use only). 
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The proportion of medically and surgically treated patients with coronary 
artery disease working full time 1 year after cardiac catheterization or 
surgery, respectively, was assessed by questionnaire in a registry of 
patients who had had coronary angiography. The proportion of medically 
and surgically treated patients working 3 months before catheterization 
or surgery was 74 percent (148 of 201) and 75 percent (899 of 1,198), 
respectively, whereas 62 percent (125 of 201) and 62 percent (747 of 
1,198), respectively, were working full time 1 year after catheterization 
or surgery. Multivariate analysis identified five variables predictive of 
return to work. In order of significance these were: working status 3 
months before surgery or catheterization, years of education, age, func- — 
tional class before surgery or catheterization and period of not working 
before surgery or catheterization. Work status 3 months before surgery 
or Catheterization was clearly the best predictor of continued employment 
15 months later. Surgical therapy was not more effective than medical 
therapy in maintaining full-time employment in this registry of patients 
with coronary artery disease. 


The possibility of return to gainful employment is frequently cited as 
a potential benefit accompanying the relief of disabling angina that 
usually occurs with successful myocardial revascularization. Although 
a recent report! described changes in occupation after aortocoronary 
bypass surgery, no studies have compared the efficacy of medical and 
surgical treatment of patients with symptomatic coronary disease with 
respect to continued gainful employment. This report describes the work 
status 3 months before and 1 year after cardiac catheterization or coro- 
nary bypass surgery of two groups of medically and surgically treated 
patients with coronary artery disease who were carefully characterized 
in regard to extent of coronary disease, left ventricular function and 
exercise performance. 


Methods 


Patient population: A previous report? described the characteristics of the 
patients entered into the angiography registry of Seattle Heart Watch, a com- 
munity-wide cooperative surveillance of several subsets of patients with coronary 
disease. Briefly, the surgical cohort includes 93 percent of all patients undergoing 
direct myocardial revascularization in Seattle between 1969 and 1974, inclusively. 
'The medical cohort is limited because of lack funds to about 40 percent of pa- 
tients undergoing angiography for suspected coronary disease during a similar 
time period.* During the spring of 1977, questionnaires were sent to all patients 


* We do not have detailed data indicating how our cohort of medically treated patients 
was selected from the larger cohort of medically treated patients undergoing angiography 
in Seattle at that time. Funds were insufficient for us to provide data technicians to collect 
data on the total cohort. In some cases the physicians caring for the patient failed to complete 
the data forms. We did use data technicians to collect data on virtually all of the patients 
operated on. Data collection in the University and Veterans Administration hospitals was 
probably more complete than in the private hospitals participating in Seattle Heart Watch 
because of the ayailability of data technicians hired for other research projects. Thus the 
medical cohort may have included more unemployable persons than it would have had the 
data collection from private hospitals been more complete. Such a bias would strengthen 
our conclusion that surgery was no more effective than medical therapy in maintaining 
employment. 
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in this registry who were living, had not been lost to follow-up 
(3 percent) and had significant coronary disease (luminal 
stenosis of 70 percent or more in one or more major coronary 
vessels). Responses were obtained from 81 percent (238 of 294) 
of the medically treated patients and from 85 percent (1,333 
of 1,572) of the surgically treated patients. Table I shows that 
the surgical cohort was more symptomatic, had more exercise 
impairment, and had more severe coronary disease, whereas 
the medical cohort had more evidence of left ventricular 
dysfunction and a greater incidence of ventricular arrhythmias 
as indicated in the resting electrocardiogram. 

Questionnaire: The questionnaire requested the following 

information on the patient's work status 3 months before and 
1 year after coronary arterial surgery (surgical cohort) or 
cardiac catheterization (medical cohort): job classification, 
reason for not working, time spent on job, physical activity 
required on job and functional class. Other data obtained were 
educational level and duration of unemployment before and 
after cardiac catheterization or surgery. 
. Table II shows that the various job classifications were 
similarly distributed among medically and surgically treated 
patients (chi square = 5.10, P 70.50 with 7 degrees of free- 
dom). Patients not working full time 3 months before cardiac 
catheterization were asked whether the unemployment was 
due to heart disease, other medical disease, retirement because 
of age, or other nonmedical reasons. Table III shows the dis- 
tribution of medically and surgically treated unemployed 
patients among these categories. The differences in distri- 
butions are not significant for all four categories (chi square 
= 4.84, P >0.10 with 3 degrees of freedom) or for heart disease 
versus the remaining categories (chi square = 3.57, P >0.05 
with 1 degree of freedom). 

Baseline data: At the time of each patient's entry into the 
angiography registry, findings from history, physical exami- 
nation, resting electrocardiogram, chest X-ray film, maximal 
treadmill! exercise electrocardiogram,? coronary arteriogram 
and quantitative analysis of the left ventricular angiogram*^ 
were coded and entered into the computer. Details of the 
laboratory techniques have previously been described.? From 
this data base, 22 variables were selected or constructed for 
further analysis because of their possible relevance to dis- 
ability or survival, or both. 


TABLE ! 
Description of Patient Population 
Medically 
Continuous Treated Patients 
Variables no. Mean + SD 
Age (yr) 227 53.1 X 8.0 
Education (yr) 223 11.1 £ 4.8 
Functional class (1 to 4) 218 2.1 ¢ 0.9 
FAI (96) 171 32.5 2 29; 
LVEDP (mm Hg) 204 12.9 + 9.1 
Stenoses 270% (no.) 228 1.6 + 0.8 
Ejection Fraction (96) 201 56.1 + 14 
Discrete 
Variables no. Sie) RE 
CHF 227 (8.8) 
Cardiomegaly 225 (8.4) 
Ventricular arrhythmia 228 (8.8) 
Mitral regurgitation 216 (1.4) 
LMCA stenosis 2:50 96 228 (3.9) 


Data analysis: Univariate comparisons between groups 
were made by the use of Student's t test for differences in 
means of continuous variables and by the chi square test for 
differences in distributions of discrete variables. The signif- 
icance of differences in proportions of patients working before 
and after surgery or cardiac catheterization was assessed with 
the use of McNemar's test for correlated proportions. Mul- 
tivariate analyses were performed, including stepwise 
discriminant analysis, to select those variables most predic- 
tive of continued employment. The results of the stepwise 
discriminant analyses include the values of the multiple 
coefficient of determination, R?. This can be interpreted as 
the proportion of variability in work status at 1 year, which 
can be explained by the other variables in the analysis (using 
the relation of R? to the Mahalanobis distance between those 
returning and not returning to work?). The increase in R? at 
each step is the proportion of additional variability in work 
status explained by the variable added, over and above the 
variability explained by variables entered in previous steps. 
The term Z R? gives the total proportion of variability ex- 
plained by all variables selected prior to and in that step. F 
tests have 1 and more than 100 degrees of freedom, so that 
values of F >3.84 are significant at a = 0.05. 

All discriminant analyses presented here are based on the 
assumption of multivariate normality. The results were all 
confirmed using logistic discrimination, which requires less 
restrictive assumptions, especially with respect to the use of 
discrete variables. However, because of their easier interpre- 
tation, especially with the use of R?, the results from the 
stepwise discriminant analyses are given here. 


Results 


Univariate analyses: In the medical group 74 per- 
cent (148 of 201) were working full time 3 months before 
cardiac catheterization, whereas 62 percent (125 of 201) 
were working full time 1 year after catheterization. The 
employment statistics for the surgical cohort are vir- 
tually identical, with 75 percent (899 of 1,198) working 
full time 3 months before surgery and 62 percent (747 
of 1,198) working full time 1 year after surgery. There 
were no statistically significant differences in the pro- 


Surgically 
Treated Patients P 
no. Mean + SD Value 
1255 53.7 = 7.5 NS 
1236 11.7 + 3.8 <0.05 
1250 2.7 + 0.7 <0.01 
600 36.9 + 24.0 <0.05 
1068 11.7 + 7.8 NS 
1267 2.0 t 0.8 « 0.01 
848 59.2 + 12.9 « 0.01 
P 
no. (96) Value 
1254 (6.6) NS 
1248 (3.8) «0.01 
1267 (4.3) « 0.01 
1125 (2.3) NS 
1261 (9.4) «0.01 


CHF = congestive heart failure; FAI = functional aerobic impairment; LMCA = left main coronary artery; LVEDP = left ventricular end-diastolic 
pressure; no. — number of patients in whom variable was measured; P — significance of difference between means or proportion of medically 
and surgically treated patients; % = percent of patients in whom variable was present; SD = 1 standard deviation. 
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TABLE Il 
Job Classification Before Surgery or Cardiac 
Catheterization 
Medically Surgically 
Treated Patients Treated Patients 
Job Classification no. (96) no. (96) 


Á 


Professional 37 (16) 190 (14) 
Administrative 51 (21) 325 (25) 
Clerical/laboratory 26 (11) 183 (14) 
Skilled 37 (16) 201 (15) 
Machinery/factory 41 (17) 184 (14) 
Semi-skilled/unskilled 36 (15) 187 (14) 
Housewife 7 (3) 47 (4) 
Not classified 3 (1) 9 (1) 
Total 238 1326 


portion of full-time workers in the medical and surgical 
cohorts either 3 months before or 1 year after cathe- 
terization or surgery. However, the decrease in percent 
of full-time workers from 3 months before to 1 year after 
catheterization or surgery was statistically significant 
for both the medical (P <0.01) and surgical cohorts (P 
<0.01). 

Several subgroups of patients were analyzed in an 
attempt to identify subsets in which treatment might 
have an effect on continued employment (Table IV). 
Only in the subgroup of patients who were unemployed 
more than 12 months before cardiac catheterization or 
surgery was one method of treatment (medical treat- 
ment) more likely to be associated with full-time em- 
ployment 1 year after the procedure (P <0.05). In light 
of the number of subsets examined, this could have been 
a chance association. There was no significant difference 
between the proportion of medically and surgically 
treated patients employed full time 1 year after cathe- 
terization or surgery among those who were over age 55 
years, had 12 years of education or less, were last em- 
ployed 4 to 12 months before catheterization or surgery, 
were in functional class III or IV, had two or three vessel 
disease, had a severely reduced left ventricular ejection 
fraction or had a job before the procedure requiring 
medium or heavy physical exertion. 

Table V presents univariate analyses for variables 
that demonstrated significant relation with continued 


TABLE IV 
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TABLE Ill 
Reasons Given by Patients Who Were Not Working Full 


Time 3 Months Before Cardiac Catheterization or Surgery | 


Medically Surgically 
Treated Patients Treated Patients 

Reason no. (96) no. (96) 
Heart disease 45 (75) 191 (62) 
Other illness 4 (7) 16 (5) 
Retirement because of age 7 (12) 65 (21) 
Other nonmedical 4 (7) 35 (11) 
Total 60 307 


full-time employment 1 year after cardiac catheter- | 


ization or surgery. In both the medical and surgical 
cohorts, significantly fewer patients continued working 


if they were over 55 years of age, had 12 years of edu- . 


cation or less, had not been working for 3 months or 


E 
E 


| 


more before the procedure, or were in functional class |. 
III or IV before the procedure. For the medical cohort 
only, the severity of coronary artery disease was pre- - 


dictive of continued employment, whereas physical 


i 


activity associated with work and ejection fraction were 


relevant only in the surgical cohort. 


Multivariate analysis: Table VI summarizes the 


stepwise discriminant analysis used to determine which 
of the seven variables listed in Table V were most pre- 


dictive of full-time employment 1 year after cardiac 


catheterization or surgery. In both the medical and 
surgical cohorts, employment status (working full time 
or not working full time) 3 months before catheteriza- 
tion or surgery was the strongest single predictor of 
continued full-time employment, followed by age, years 
of education, functional class before, and period of time 
not working before catheterization or surgery. 

The stepwise discriminant analysis summarized in 
the top half of Table VII was designed to test the effect 
of therapy (medical or surgical) on return to work for 
the entire population. The variables identified as pre- 
dictive of return to work (Table VI) were entered prior 
to a dichotomous variable indicating whether treatment 
was medical or surgical. The previously described 
variables are highly significant in predicting continued 
employment. However, after adjusting for the effects 


Univariate Analysis for Effect of Surgical Versus Medical Therapy on Full-Time Employment 1 Year After Cardiac 


Catheterization or Surgery 


Medically 
Preoperative Treated Patients 
Subgroup no. Working/Total 

Age >55 years 29/74 

Education < 12 years 61/115 
Unemployed 3-12 mo. 4/18 
Unemployed >12 mo. 4/31 

Functional class Ill, IV 29/60 

Two vessel disease 31/57 

Three vessel disease 12/27 

Ejection fraction 3096 3/7 

Medium or heavy work 44/59 
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Surgically 
Treated Patients P 
no. Working/Total (%) Value 
241/497 (48) NS 
443/752 (59) NS 
23/123 (19) NS 
5/135 (4) <0.05 
346/579 (60) NS 
283/463 (61) NS 
247/407 (61) NS 
9/20 (45) NS 
332/420 (79) NS 


4107. 
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TABLE V 


Univariate Analysis for Effect of Preoperative or Precatheterization Variables on Return to Full-Time Employment 1 Year 
After Cardiac Catheterization or Surgery 





Medically Surgically 
Treated Patients P Treated Patients P 
Variable no. Working/Total (%) Value no. Working/Total (%) Value 
cn. ee I ne oe SSE ees ES ag AE VIP Ec ERN 

Age (yr) 

<55 96/127 (76) 506/701 (72) 

>55 29/74 (39) <0.01 241/497 (48) <0.01 
Education (yr) 

<12 61/115 (53) 443/752 (59) 

>12 62/82 (76) <0.01 295/426 (69) <0.01 
Unemployment (mo) 

<3 118/149 (79) 726/927 (78) 

3-12 4/18 (22) <0.01 23/123 (19) <0.01 

>12 4/31 (13) 5/135 (4) 
Job activity 

Sitting 46/53 (87) 223/265 (84) 

Minimal 19/23 (83) NS 113/132 (86) <0.01 

Moderate 36/47 (77) 267/325 (82) 

Heavy 8/12 (67) 65/95 (68) 
Functional class 

Ld 81/107 (76) 341/446 (76) 

Il, IV 29/60 (48) «0.01 346/579 (60) «0.01 
Vessels with 27096 stenosis (no.) 

1 83/118 (70) 219/329 (67) 

2 31/57 (54) «0.05 283/463 (61) NS 

3 12/27 (44) 247/407 (61) 
Ejection fraction (%) 

251% 79/123 (64) 402/613 (66) 

= 31-50% 28/50 (56) NS 98/176 (56) <0.05 

<30 3/7 (43) 9/20 (45) 


NS = not significant; P = significance of differences of distribution of working and nonworking patients between specified values of variable. 


before was still the variable most predictive of continued 
employment 1 year after catheterization or surgery (F 
= 323.2). The type of therapy (medical versus surgical) 
was not predictive (F = 0.9), even though functional 
class was significantly improved by surgery in the sur- 


X these variables, the surgery variable clearly is not 
significant (F = 0.9). This indicates that the form of 
herapy for coronary disease (either medical or surgical) 
joes not influence the probability of full-time em- 
;loyment 1 year after catheterization or surgery even 


when one corrects for the influence of these other vari- 
ables. 

Because surgery might be expected to have its 
sreatest beneficial effect on the more symptomatic 
patients, the stepwise discriminant analysis summarized 
in Table VII (top half) was repeated only for patients 
who were in functional class III or IV before surgery or 
^atheterization. In this analysis, work status 3 months 


TABLE VI 


Stepwise Discriminant Analysis of Variables Predictive of 
Full-Time Employment 1 Year After Cardiac Catheterization 
or Surgery 





Medically Surgically 
Treated Patients Treated Patients 
Increase Increase 
Variable in R? F in R? F 
Working 3 0.450 128 0.405 660 
months before 
Age 0.017 4.8 0.021 35.0 
Education 0.013 3.9 0.009 14.9 
Functional class NS 0.007 12.3 
before 
Time not working 0.013 3.7 0.006 9.8 
aR? 0.482 0.447 





F =F statistic with 1 and >100 degrees of freedom; see Methods 
section for explanation of R? and ZR*. 


108 July 1979 The American Journal of CARDIOLOGY Volume 44 


gical cohort (56 percent of subjects in class III or IV 
preoperatively, 24 percent in class III or IV postopera- 
tively). whereas there was no change in functional class 
in the medical cohort over the same time span (36 per- 


TABLE VII 


Stepwise Discriminant Analysis Testing for Effect of 
Surgical Versus Medical Therapy on Return to Full-Time 
Work 1 Year After Cardiac Catheterization or Surgery 








Increase 
Variable ZR? in R? F 
All Patients 

Working 3 months before 0.409 0.409 777 
Age 0.429 0.020 39.8 
Education 0.438 0.009 18.1 
Functional class before 0.444 0.006 11.8 
Time not working before 0.448 0.004 7.9 
Surgery 0.448 0.000 0.9 
All Patients But Those Not Working Before for Noncardiac Reasons 
Working 3 months before 0.331 0.331 522 
Age 0.350 0.019 30.8 
Education 0.361 0.011 18.3 
Functional class before 0.371 0.009 15.3 
Time not working before 0.376 0.005 8.5 
Surgery 0.376 0.001 0.9 


F =F statistic with 1 and > 100 degrees of freedom; see Methods 
section for explanation of R? and ZR*. 
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FIGURE 1. Proportions of medically (left) and surgically (right) treated patients classified according to degree of physical activity required by their 
job 3 months before and 1 year after cardiac catheterization (cath.) and surgery, respectively. 


cent of subjects in class III or IV at entry, 42 percent in 
class III or IV 1 year later). 

Figure 1 provides data on change to occupations 
requiring less physical activity. In both the medical and 
surgical cohorts, there were approximately proportional 
decreases in the number of subjects employed full time 
at all levels of physical activity from 3 months before to 
1 year after cardiac catheterization or surgery, and there 
was an equivalent increase in the category of those not 
working. The shift did not appear to be to lighter work, 
but only to unemployed status. 

Analyses omitting patients unemployed for 
noncardiovascular reasons: Because coronary arterial 
surgery cannot reasonably be expected to return pa- 
tients to work who have retired or are not working for 
reasons unrelated to heart disease, we repeated the 
analyses excluding patients in these categories. Overall, 
66 percent (124 of 188) of the medically treated and 68 
percent (737 of 1,078) of the surgically treated patients 
were working 1 year after surgery or cardiac catheter- 
ization; this difference was not significant. The univa- 
riate chi-square analyses identified two subgroups in 
which surgery seemed to improve propsects for con- 
tinued employment. Among patients over 55 years old, 
58 percent (239 of 409) in the surgical cohort were 
working 1 year later compared with 45 percent (29 of 65) 
of the medical cohort (P «0.05). Similarly, for patients 
in functional classes III and IV, 65 percent (338 of 523) 
of the surgically treated patients were working 1 year 
later compared with 50 percent (29 of 58) of the medi- 
cally treated patients (P «0.05). However, the discri- 
minant analysis shown in the bottom half of Table VII 
indicates that surgical therapy had no effect on con- 
tinued employment when the other relevant variables 
were taken into account. Even when this discriminant 
analysis was limited to patients who were in functional 
class III or IV before catheterization or surgery, surgical 
therapy was not predictive of continued employment 
(F = 1.70). 

Analyses omitting patients who were unemployed 
3 months before cardiac catheterization or surgery: 
It is clear that surgical therapy is not more effective than 


medical therapy in returning to work patients who had 
not been working for 3 or more months. We next tested. 
the hypothesis that surgical therapy was more effective 
than medical therapy in maintaining continued em- 
ployment in patients who continued to work to within 
3 months or less of their cardiac catheterization or 
surgery. The stepwise discriminant analysis depicted 
in Table VII was repeated, including only this group. 
Overall, 76 percent (118 of 155) of the medically treated 
patients in this group were working 1 year later com- 
pared with 77 percent (718 of 933) of the surgically 
treated patients; this difference was not significant. The 
stepwise discriminant analysis confirmed that surgical 
therapy was not predictive of continued employment 
(F = 0.2) when correction was made for other relevant 
variables. 


Discussion 


This study is based on responses to a questionnaire 
mailed to a population of patients with angiographically 
documented coronary disease who were selected by their 
physicians in nonrandom fashion for medical or surgical 
therapy. Approximately equal proportions of medically 
and surgically treated patients were working 3 months 
before and 1 year after cardiac catheterization or sur- 
gery, but in both groups fewer were working at the later 
date. The most important determinant of continued 
employment or return to work was employment status 
3 months before catheterization or surgery, followed by 
functional class for both the medical and surgical co- 
horts. Type of therapy (medical versus surgical) did not 
seem to influence continued full-time employment. 

Possible limitations of study: This study has the 
usual limitations imposed by retrospective data ac- 
quired by questionnaire. The patient’s recollection of 
work status up to 7 years previously (3 months before 
cardiac catheterization or surgery) may be unclear, al- 
though heart disease leading to catheterization or sur- 
gery is such a major life event that work activities sur- 
rounding the event should be clearly recalled. Some 
patients may be biased to overestimate or underesti- 
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mate work status. The sample is incomplete, in part 
because the most severely affected were eliminated by 
death. 

However, the major difficulty in interpreting the data 
arises from the fact that the two cohorts are not iden- 
tical. The surgical cohort had more chest pain (higher 
functional class) and a greater number of vessels with 
70 percent or more luminal stenosis, whereas the med- 
ical cohort had more evidence of left ventricular dys- 
function and ventricular arrhythmias. 

Influence of medical versus surgical treatment 
on return to work: Despite these considerations, the 
proportion of patients in functional class III or IV before 
catheterization or surgery working 1 year after cathe- 
terization or surgery was not significantly different (P 
>0.05) in the medical (29 of 60; 48 percent) and the 
surgical (346 of 579; 60 percent cohorts). The multi- 
variate analyses, which allow one to test the effect of 
surgery on return to work while correcting for the 
nonuniformity of the two cohorts and adjusting for 
other variables that influence the return to work, con- 
firm that the mode of therapy did not significantly af- 
fect return to work. These results are underscored by 
the other multivariate analyses performed showing no 
effect of form of therapy (surgical versus medical) in the 
subgroup of patients in functional classes III and IV and 
the subgroup omitting patients not working for non- 
cardiovascular reasons. 

Influence of other factors: In the univariate anal- 
ysis excluding patients unemployed for noncardiovas- 
cular reasons, patients over age 55 years and patients 
in functional classes III and IV in the surgical cohort 
were slightly more likely than other subgroups to con- 
tinue working. However, these differences were just 
barely significant (P <0.05) using univariate tests and 
were not confirmed in the multivariate analyses, which 
adjusted for other variables also related to return to 
work, thus indicating that these slight differences were 
largely a result of factors other than mode of therapy. 

We also examined the possibility that the medical and 
surgical cohorts might be different in nonmedical so- 
cioeconomic characteristics that might make one cohort 
more employable than the other. However, the two co- 
horts were only minimally different in education and 
were similar in age, job classification, physical activity 
associated with work, and in reasons for not working full 
time before cardiac catheterization or surgery. 

Other studies have noted that a longer period of not 
working before surgery reduces the probability of return 
to work.?.!9 Our data for both medically and surgically 
treated patients indicate that the critical time period 
of unemployment may be as little as 3 months. More 
than three quarters of either medically or surgically 
treated patients who were not working for 3 months or 


less were working full time 1 year after catheterization 
or surgery, whereas only 12 percent (36 of 307) of those 
not working 3 or more months were working full time 
1 year later. This was again confirmed by the multi- 
variate analysis. The latter showed that both work 
status and period of time not working before catheter- 
ization or surgery were significantly predictive of amd 
accounted for 46 percent of the variability in work status 
1 year later, whereas the other variables accounted for 
only 5.1 percent additional variability. 

Implications of study: It was both disappointing and 
unexpected to find that fewer patients were working 
after than before coronary bypass surgery. Similarly, 
surgical therapy of coronary artery disease was no more 
effective than medical therapy in maintaining continued 
employment, even though there was more subjective 
improvement in the surgical than in the medical cohort, 
and evidence from our institution has shown improved 
exercise performance in the surgical cohort postopera- 
tively!! and probably longer survival in surgically than 
in medically treated patients.!? Two recently published 
studies from this country! have also shown fewer pa- 
tients working after than before coronary bypass sur- 
gery; however, recent studies from Edinburgh!? and 
'Toronto!^ have shown opposing results. 

Because there is little doubt that coronary surgery can 
alleviate symptoms and improve exercise performance, 
we believe that failure to return to work must be largely 
caused by nonmedical factors. Possible reasons include 
the patient's fears; economic incentives to remain re- 
tired because of pension, disability insurance and Social 
Security benefits; economic disadvantages to the em- 
ployer because of workmen's compensation insurance; 
and competition for jobs by vounger, healthier people. 
Relevant to the latter is the fact that the Seattle-King 
County region was relatively economically depressed 
with a higher than average unemployment rate due to 
a temporary decline in the aerospace industry in the 
early 1970's. 

We conclude from these data that coronary arterial 
surgery did not increase the likelihood of continued 
employment over that of medical therapy in Seattle 
Heart Watch patients. We generally do not consider the 
possibility of return to gainful employment as an indi- 
cation for coronary bypass surgery because our medi- 
cally and surgically treated patients appear to have 
equal prospects for continued employment. The most 
important predictor of return to work is whether the 
patient was employed 3 months before surgery. 
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This study compares the inpatient costs of therapy of patients with un- 
stable angina pectoris randomized to surgical or medical therapy at the 
University of Alabama in Birmingham as part of the National Cooperative 
Study Group. For 74 patients followed up for 2 years, the mean inpatient 
charges were $4,728 for 22 medically treated patients, $9,528 for 34 
surgically treated patients and $20,215 for 18 patients who crossed over 
from medical to surgical therapy. Differences among the three groups 
were statistically significant (P < 0.001). Stepwise multiple regression 
analysis of total inpatient charges with medical and procedural factors 
as explanatory variables showed that a history of congestive heart failure, 
the number of infarctions during the period of the study, the duration of 
the longest anginal attack, the type of unstable angina and the type of 
treatment were significant predictors of total inpatient cost, with an R? 
value of 0.829 (P < 0.001). These variables explain the cost of treatment. 
One should not infer that they will also predict the appropriate type of 
treatment for patients with unstable angina. Although the cost of surgical 
therapy was double the cost of therapy for patients treated only medically, 
those medically treated patients whose therapy failed and who subse- 
quently required surgery incurred mean costs twice those of the surgically 
treated patients and four times those of patients who received only 
medical therapy. Reassessment of previous criticism of the high cost of 
surgical therapy is indicated. 


More than 70,000 coronary artery bypass grafts were placed in 1977 at 
an estimated annual cost of $12,500 each. Total national costs of this 
operation probably approached $1 billion in 1977.! Although several 
investigators? © have reported estimates of the costs of bypass surgery 
economic analysis of these operations with actual cost data have not been 
reported and there are no studies relating clinical findings and costs. The 
need for a comparison of costs of medical and surgical therapy using 
actual cost data and a multidisciplinary research approach has been 
recently suggested.^-!? 

This study examines inpatient costs incurred by patients with unstable 
angina pectoris randomized to medica! or surgical therapy at the Uni- 
versity of Alabama in Birmingham Medical Center. To ensure com- 
parability of the patient groups, we analyzed the cost of treatment for 
the 2 year period after randomization. 


Methods 


Patients: All 106 patients with unstable angina pectoris randomized into the 
University of Alabama in Birmingham portion of the National Cooperative Study 
Group to compare surgical and medical therapy of the National Heart, Lung, 
and Blood Institute were initially included as subjects in the economic analysis. 
These patients were entered into the trial between March 1972 and December 
1976. Unstable angina pectoris was defined as a history of effort angina of recent 
onset or a changing pattern of effort angina and rest angina. These categories 
were not mutually exclusive. The patient must have generated enough concern 
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in his or her physician to have been admitted to a coronary 
care unit for observation. While hospitalized, the patient must 
have had transient electrocardiographic changes with pain, 
no evidence of a new myocardial infarction on electrocardi- 
ography, no increase in serum enzymes diagnostic of myo- 
cardial infarction, and one or more lesions of the coronary 
artery judged to reduce the diameter of the vessel by at least 
70 percent on angiography. The distal coronary circulation 
had to be of adequate size to accept a vascular graft. Left 
ventricular function as determined with le*t ventriculography 
had to demonstrate an ejection fraction greater than 30 per- 
cent and an end-diastolic volume of less than 125 ml/m? body 
surface area.!? Other characteristics of patients in the ran- 
domized trial of the National Cooperative Study Group are 
that all were under age 70 years and, except for coronary artery 
disease, were in a state of health consistent with a life expec- 
tancy of at least 5 years. Patients with left main coronary ar- 
tery disease were excluded.!4 

Eighteen patients entering the study from the Birming- 
ham Veterans Administration Hospital were excluded from 
the analysis because complete cost data for these patients 
were unavailable. The Veterans Administration does not bill 
patients for the costs of services or maintain data on the costs 
of specific procedures. Veteran Administration patients 
undergoing coronary bypass surgery at University Hospitals 
are transferred to University Hospitals shortly before the 
procedure and transferred back to the Veterans Adminis- 
tration Hospital after the postoperative recovery period. 
University Hospitals bill the Veterans Administration hospital 
for the costs of the procedure. Because the Veterans Admin- 
istration does not maintain records on tae costs of treating 
specific patients a complete profile of the costs of preoperative, 
operative and postoperative care is unavailable. The re- 
maining 88 patients constituted the study group. Inpatient 
cost data were analyzed for all 88 patients during the 1st year 
after randomization and for 74 patients with 2 years of 
follow-up. 

Analysis of cost data: The cost for each hospitalization was 
obtained retrospectively from the University of Alabama 
Hospitals' accounting system. Professional fees were obtained 
from the University of Alabama Health Services Foundation. 
Clinical data were obtained from the patients' study records. 
The Cooperative Study protocol called for patients to be 
hospitalized 1 year after randomization for selective coronary 
arteriograms and left ventricular angiozrams. Charges for 
those rehospitalized solely for protocol reasons (rather than 
for clinical indication) were excluded from the overall cost 
figures because they were not representative of actual treat- 
ment costs. To ensure comparability of the data during the 
4 years of study, all cost figures were adjusted to June 1977 
dollars with use of the Hospital Service Charge Index com- 
ponent of the Consumer Price Index.!? No attempt was made 
to exclude hospital costs resulting from noncardiac-related 
illness or injury because of the great difficulties in accurately 
separating cardiac-associated illness from those unassociated 
with cardiac conditions. 

Mean inpatieni charges were calculated for three groups 
of patients followed up for 2 years: patients randomized to 
medical treatment who continued to have medical therapy (22 
patients); patients randomized to surgical treatment (34 pa- 
tients); and *crossovers"— patients randomized to medical 
treatment who subsequently underwent coronary bypass 
grafting (18 patients). Every reasonable attempt was made 
to maintain crossover patients on medical therapy for at least 
1 year in keeping with the original study protocol. Patients 
crossing over from medical to surgical therapy did so because 
of persistence or reccurrence of angina pectoris, that in the 
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TABLE | 


Total Inpatient Costs for the First 2 Years After 
Randomization 


Mode of Patients 

Therapy Mean + SD (no.) 
Medical $4,728 + $1,590 22 
Surgical $9,528 + $2,942 34 
Crossover $20,218 + $9,727 18 


F = 44.9; P < 0.01 


F = variance ratio; P = probability; SD = standard deviation. 


opinion of the patient and his or her physician was signifi- 
cantly altering the patient’s life style. Surgery was also con- 
sidered for medical patients who had myocardial infarction 
during the study. 

Statistical analysis: The difference in mean costs among 
the three groups was examined through analysis of variance 
techniques employing the F statistic. To test further for spe- 
cific differences between the means of any two categories 
within the three-group comparison, the t statistic was used. 

Multiple regression analyses were performed on total in- 
patient costs during the 1st and 2nd years. To better fit the 
assumption of multiple regression analysis that the dependent 
variable is normally distributed, the cost variable was trans- 
formed using a natural log transformation. Two sets of mul- 
tiple regression analyses were performed. Overall costs for the 
total sample (excluding Veterans Administration patients) 
were analyzed to determine the effect of the treatment pro- 
cedures and various clinical factors. Initially, a large array of 
clinical factors were analyzed, together with treatment pro- 
cedures. Subsequent analysis included only the important 
variables in the regressions. A second set of regression analyses 
was then performed to determine whether the clinical factors 
that affected total inpatient costs were the same within each 
treatment group. 


Results 


Total inpatient costs: Total inpatient costs for the 
74 patients with 2 years of experience are shown in 
Table I. Mean medical costs were $4,728, mean surgical 
costs were $9,528 and mean costs for the crossover pa- 
tients were $20,218. Analysis of variance showed that 
the type of treatment (that is, medical, surgical o1 
crossover) related significantly to variation in cost. A 
test of the difference between means of each group were 
significantly different from each other group (P < 
0.01). 

Components of inpatient costs: Table II shows the 
mean costs for hospital services, pharmacy services anc 
all professional fees for the 74 patients with 2 years o: 
follow-up. The relative order of the hospital costs was 
the same as for total inpatient costs and the mean dif- 
ferences between each group were significant (P « 0.01). 
The mean costs were $3,962 for the medical group. 
$7,314 for the surgical group and $16,255 for the cross- 
over patients. The costs for hospital services were the 
largest component of the total cost, accounting for 7C 
to 80 percent of the total inpatient costs in all three 
groups. The hospital cost figures include pharmacy fees, 
which were examined separately. These charges aver- 
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E. I 
Components of Inpatient Costs (hospital, pharmacy and 


professional fees) for the First 2 Years After Randomization 
————————————————————————————— 





. Mode of Patients 
| Therapy Mean + SD (no.) 
| Hospital Costs 
. . Medical $3962 + $1486 22 
| Surgical $7314 + $1899 34 
Crossover $16,255 + $8983 18 
; Pharmacy Costs 

Mecical $246 + $156 22 

Surgical $426 + $175 34 
| Crossover $1213 + $979 18 
| Professional Costs 

Medical $765 + $220 22 

Surgical $2213 + $1517 34 

Crossover $3962 + $1037 18 


F = 37.7; P < 0.01 


Abbreviations as in Table l. 


aged $246 for the medical group, $426 for the surgical 
group and $1,213 for the crossover patients. Pharmacy 
costs for the three groups were significantly different 
and accounted for 4 to 6 percent of total costs. The third 
component of total inpatient costs examined was the 
rofessional fees, which included charges for physicians, 
surgeons, anesthesiologists and others who might have 
seen the patient professionally. These costs were lowest 
in the medical group ($765), intermediate in the surgical 
group ($2,213) and highest in the crossover group 
($3,962), with all tests revealing significant differences 
(P > 0.01). 
. First versus 2nd year of study: The total inpatient 
osts were examined separately for the 1st and 2nd years 
the study (Table III). The mean costs in the first year 
ere $5,533 for the medical group, $8,935 for the surgical 
oup and $18,980 for the crossover group. The mean 
harges for the medical group were higher in the 1st year 
han in the first 2 years combined. This is because the 
8 patients who subsequently crossed over to surgical 
reatment in the 2nd year of the study are included as 
eceiving medical therapy in the Ist year and as cross- 
vers in the 2nd year and in the Ist and 2nd years 
ombined. These patients were experiencing problems 
ith their therapy during the 1st year and incurred 
igher costs. Thus, their inclusion in the medical group 
uring the 1st year analysis raises both the mean and 
e standard deviation of costs in the medical group 
uring this time period. Despite the large standard 
eviation, the analysis of variance was significant, as 
ere the tests for the difference between the means of 
ach group. 
Second year figures decreased appreciably for the 
edical and surgical groups, but not for the crossover 
roup. The mean charges were $397 for the medical 
oup, $490 for the surgical group and $7,533 for the 
rossover group. Standard deviations for the medical 
nd surgical group reflect the fact that relatively few 
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TABLE Il! 
Inpatient Costs in the 1st and 2nd Years After Randomization 





Mode of Patients 
Therapy Mean + SD (no.) 
1st Year 

Medical $5533 + $5596 40 J 

Surgical $8935 + $2107 41 
Crossover $18,980 + $9704 
F = 24.2; P < 0.01 
2nd Year 
Medical $397 + $889 22 
Surgical $490 + $1441 34 
Crossover $7533 + $7215 18 


F = 24.9; P< 0.01 


Abbreviations as in Table |. 


patients in these two groups required hospitalization 
during their 2nd year in the study. Tests revealed no 
difference in inpatient costs between medically and 
surgically treated patients during their 2nd year in the 
study. However, the differences between the crossover 
group and the medical and surgical groups, respectively, 
were significant. 

Clinical factors influencing costs: Multiple re- 
gression analysis was performed to determine the fac- 
tors that influenced costs. Table IV shows the regression 
of clinical and procedural variables on total costs during 
the Ist and 2nd years in the study. In the initial analysis, 
mode of therapy (that is, medical, surgical or crossover) 
entered the regression equation first, as anticipated. To 
determine the explanatory powers of the other variables 
on cost, the mode of therapy was forced to enter the 
equation in subsequent analyses. Even when entered 
last into the equation, the type of procedure was the 
most important variable in terms of both the percent 
of variance explained and the beta coefficient (0.74). 
The second most important variable, in terms of both 
the percent of variance explained and the beta coeffi- 
cient (0.26), was the number of myocardial infarctions 
after admission to the study. Other significant variables 
included duration of the longest attack of unstable an- 
gina, a history of congestive heart failure and the type 
of unstable angina. Together, these variables explained 
82.9 percent of the variance in hospital charges during 
the first 2 years. 

In preliminary analyses, a number of other factors 
were examined for their possible influence on cost. 
These included the presence of four risk factors 
(smoking, diabetes, hypertension and hyperlipidemia), 
the number of vessels diseased, the classification of 
unstable angina (that is, recent onset of effort angina 
or changing patterns of effort angina and rest angina), 
age and the number of years since the onset of angina. 
None of these variables improved the analyses suffi- 
ciently (in terms of percent variance explained, beta 
coefficient or the F value of the variable) to remain in 
the final equation. 

Significant predictors of cost: Tables V, VI and VII 
present the results of separate regression equations for 





TABLE IV 


Regression Analysis of Mode of Therapy and Other Clinical 
Factors on Total Inpatient Costs During First 2 Years (no. = 
74) 


Standard 


Variable R? B Beta ErrorofB P 


—.————————————————————————————D 
Number of 0.228 0.209 0.26 0.043 0.01 


infarctions 
Duration of longest 0.309 0.001 0.11 0.001 0.01 
anginal attack * 
(min) 
Congestive heart 0.337 
failure * 
Type of angina’ 0.371 0.179 0.13 0.071 0.01 
Mode of therapy 0.829 0.609 0.74 0.045 0.01 
(Constant) 


—0.979. 0.14 0.137 0.01 


7.74 
F = 65.7; P< 0.001 


* 1 =history of congestive heart failure; 0 = absence of congestive 
heart failure. 

t 0 = single discrete and several discrete; 1 = multiple daily. 

* 1 = medical; 2 = surgical; 3 = crossover. 


the medical, surgical and crossover groups, performed 
to determine whether the same clinical factors were 
important in explaining costs in each group. In each 
case, a large array of clinical factors were initially ex- 
amined, including all of those significant in the overall 
equation plus a partial grouping of variables that were 
not significant in the overall equation but were initially 
believed to be important predictors of cost. Three 
clinical variables (the type of unstable angina, a history 
of congestive heart failure and the number of years since 
the onset of unstable angina) were significant predictors 
of total costs among the medically treated patients, 
explaining 62.7 percent of the variance. One of these 
variables, the number of years since the onset of angina, 
was not a significant predictor in the overall equation. 
Only two variables were significant predictors of total 
costs among the surgically treated patients: the number 
of infarctions and the duration of the longest anginal 
attack. Together they explained 32.5 percent of the 
variance in costs. Both of these have also been signifi- 
cant predictors in the overall equation. Only one vari- 
able, the number of infarctions since admission into the 
study, was a significant predictor of costs among the 
crossover patients, explaining 48.9 percent of the vari- 
ance in costs. 


TABLE VI 


Regression Analysis of Clinical Factors on Total Inpatient 
Costs During First 2 Years in Study—Surgical Patients Only 
(no. = 34) 


Standard 
Variable R? B Bete  ErorofB P 
4 8 Seige IC aro Cu PLE ooo conr n cm 
Number of 0.239. . 0.218 0.511 0.063 0.01 
infarctions 


Duration of longest 0.325 0.0009 0.304 0.001 0.05 
anginal attack 
(min) 

(Constant) 9.012 

F = 7.45; P < 0.01 
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TABLE V 


Regression Analysis of Clinical Factors on Total Inpatient 
Costs During First 2 Years in Study—Medical Patients Only. 
(no. = 22) 





Standard 
Variable R? B Beta ErrorofB P 


Type of angina* 0.367 0.407 0.524 0.113 0.01 
Congestive heart 0.525  —0.581  —0.372 0.227 0.05 


failure’ 

Years since onset 0.627 0.119 0.324 0.053 NS 
of angina 

(Constant) 7.94 


F = 10.1; P < 0.01 


* 0 = single discrete and several discrete; 1 = multiple daily. 

t 1 = history ol congestive heart failure; 0 = absence of congestive 
heart failure. 

NS = not significant; other abbreviations as in Table |. 


Discussion 


It is generally accepted that the coronary bypass graft 
will reduce or eliminate ischemic chest pain in the ma- 
jority of patients and generally improve exercise per- 
formance.!?416-17 Evidence from the randomized 
clinical trial of the National Cooperative Study Group 
on unstable angina pectoris indicated that patients with 
unstable angina can be managed acutely with intensive 
medical therapy with adequate control of pain in most 
patients and no increase in mortality or myocardial 
infarction rates. However, over the subsequent 2 1/2 
years 36 percent of patients initially treated medically 
later underwent operation to relieve unacceptable an- 
gina.!? Debates about other benefits and, in particular, 
the question of improved life span flourish. It is not 
clearly established that surgery is more effective than 
medical therapy in increasing the number of patients 
returning to work.!6.17.1? After surgery for stable angina 
pectoris those persons who were working before oper- 
ation, who had achieved a higher educational level, who 
appreciated a greater relief of angina as a result of the 
operation, and who had the greatest number of grafts 
placed were the patients most likely to maintain or in- 
crease work performance after operation.!9 These 
broader concerns as to the effect of coronary bypass 
surgery are of utmost importance. 

There is controversy not only about the medical 
benefits of coronary bypass grafting, but also about its 
costs and the resources directed to it. Its availability and 
increasing use are raising critical questions regarding 


TABLE VII 


Regression Analysis of Clinical Factors on Total Inpatient 
Costs During First 2 Years in Study—Crossover Patients 
Only (no. — 18) 


Standard 
Variable R2 B ErrorofB | 
Number of 0.489 0.252 0.065 
infarctions 
(Constant) 9.61 


F = 15.32; P < 0.01 
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effective utilization of our medical care resources. Thus, 
it is imperative to examine the actual costs of the pro- 
cedure and compare them with the costs of alternative 
forms of therapy. The data in this presentation provide 
an initial indication, from one medical center, of the 
comparative inpatient costs of surgical and medical 
treatment for a group of patients with unstable angina 
pectoris in the 2 years after randomization. Actual cost 
data are utilized in contrast with the gross estimates 
reported in many earlier studies.!-9 

Costs of surgical versus medical treatment: The 
mean cost for surgically treated patients for the 1st year 
(and thus the best estimate of the actual surgical costs) 
was $8,935,* with a standard deviation of $2,107. For 
patients with 2 years of experience in the study the 
mean cost of medical therapy was $4,728, compared 
with $9,528 for those receiving coronary bypass graft. 
Further studies are necessary to determine whether this 
higher surgical cost is justified by longer life, improved 
quality of life, improved work status and persistent 
relief of symptoms. For patients in whom medical 
therapy failed and who later had surgery, the cost was 
$20,218. Because both forms of therapy have similar 
early mortality and myocardial infarction rates,!? there 
would be savings in both cost and suffering if one could 
predict which patients would ultimately require surgery. 
The large difference in costs between the medical and 
surgical groups was lessened for the 2nd year. Thus, in 
the 2nd year after surgery had been performed in those 
randomized into the surgical group, the difference in 
costs between the two groups was relatively small, $93. 
This may indicate that cost differentials are the result 
of initial treatment rather than continued care. As the 
total costs are evaluated over a longer period, the dif- 
ference in costs between surgical and medical therapy 
may be less important. Only studies following up pa- 
tients for longer periods of time can adequately answer 
this question. It is important to note that these results 
represent the factors that explain variation in the cost 


* |t was recognized that inpatient charges at the University of Ala- 
bama Hospitals may differ from those in other settings, such as a 
community hospital, or in other geographic areas of the United States. 
The Bureau of Labor Statistics, the Blue Cross Association and the 
American Medical Association were contacted to obtain data that would 
permit comparisons with other hospitals and geographic areas, but such 
data do not exist. 





. 1. Braunwald E: Coronary-artery surgery at the crossroads. N Engl 
| J Med 297:661-663, 1977 
2. Kolata GB: Coronary bypass surgery: debate over its benefits. 
| Science 194:1263- 1265, 1976 
3. Neuhauser D: Coronary artery bypass surgery. In, AB ICCH 
- #9375369, ICCH #9473141, Case Studies. Boston, Harvard Col- 
lege, 1975, p 1-13 
4. Preston TA: Coronary Artery Surgery. New York, Raven Press, 
1977 
| 5. Weinstein MC, Pliskin JS, Stason WB: Coronary artery bypass 
surgery: decision and policy. In, Costs, Risks and Benefits of Sur- 
gery (Bunker JP, Barnes BA, Mosteller F, ed). New York, Oxford 
University Press, 1977, p 342-371 
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of therapy. Although there is a significant relation be- 
tween cost and the treatment mode, it is presumptuous 
to infer that variables that affect cost will also predict 
the proper type of treatment for patients with unstable 
angina pectoris. 

Costs of surgery after failure of medical treat- 
ment: An important finding from this study is that in 
45 percent of those initially randomized to medical 
treatment such therapy failed and these patients sub- 
sequently underwent operations. These patients had 
the highest mean costs, more than twice those of pa- 
tients treated with surgical therapy alone and more than 
four times those of patients treated with medical ther- 
apy alone. These data indicate a need to assess more 
carefully earlier criticisms of the high cost of surgical 
therapy. For this group of patients a comparison of the 
cost of treating all patients originally randomized to 
medical therapy (medically treated patients who con- 
tinued to receive medical therapy and medically treated 
patients who later underwent operation) reveals that 
the mean medical costs were $9,520 and the mean sur- 
gical costs were $11,698. Thus, as a group, the patients 
randomized to medical therapy incurred higher costs 
during the first 2 years than patients randomized to 
surgical therapy. This fact emphasizes that the identi- 
fication of factors associated with failure of medical 
therapy is most important. Because almost 50 percent 
of the medical patients in this study required surgery 
within 2 years and that the costs were very high for these 
crossover patients, surgical therapy, for unstable angina 
pectoris may be less expensive than initial examination 
would indicate. 

Implications: Our data apply specifically to patients 
with unstable angina pectoris, as defined herein, who 
were initially hospitalized because of concern that they 
were at risk of sustaining a myocardial infarction. The 
data may not necessarily apply to persons with unstable 
angina who are not hospitalized or to the larger group 
of patients with stable angina pectoris treated medically 
who do not require hospitalization. 
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The duration of the effects of single oral doses of 80 and 160 mg of pro- 
pranolol was studied in 11 patients with stable, exercise-induced angina 
pectoris. After administration of both doses, plasma propranolol levels 
peaked at 2 hours in 8 of the 11 patients and thereafter declined expo- 
nentially with an average plasma half-life of 3.98 hours (range 1.4 to 4.3) 
after the 80 mg dose and 4.28 hours (range 1.9 to 5.4) after the 160 mg 
dose. There was wide interindividual variation in plasma propranolol 
concentration at any given time after each dose. Treadmill walking time 
to the onset of angina, the total duration of exercise and the total external 
work performed were significantly greater by 1 hour after each dose of 
propranolol than after placebo. This improvement in exercise tolerance 
persisted unchanged for 8 hours (P « 0.001) and was still significant al- 
though less marked at 12 hours (P <0.05). Improvement in exercise 
tolerance after propranolol was associated with a significant reduction 
in S-T segment depression during exercise. Both at rest and during ex- 
ercise, heart rate, systolic blood pressure and rate-pressure product 
decreased after propranolol, and these circulatory effects persisted for 
12 hours. Changes in walking time, heart rate and systolic blood pressure 
were similar after 80 and 160 mg of propranolol. Despite the increase in 
exercise duration and in total work performed after propranolol, the 
rate-pressure product at the onset of angina was lower after propranolol. 
In view of the prolonged effects of single oral doses of 80 and 160 mg of 
propranolol, it is suggested that administration of propranolol twice daily 
should be adequate in treating patients with stable angina pectoris. These 
studies also demonstrate that routine measurement of plasma propranolol 
levels is of little practical value in the management of patients with angina 
pectoris. 


Propranolol, a nonselective beta adrenoreceptor antagonist, has a plasma 
half-life of 1 1/2 to 3 hours after the administration of a single intrave- 
nous or oral dose.'? With continued administration, the half-life is 
prolonged to 3 to 6 hours,” and for these reasons the drug is usually 
given four times daily in the treatment of angina pectoris.? However, the 
duration of action of propranolol in prolonging exercise tolerance in 
patients with angina pectoris and modifying the heart rate, blood pres- 
sure and electrocardiographic responses during exercise after acute or 
chronic administration has not been well defined. This investigation was 
designed to study the duration of action of a single oral dose of 80 or 160 
mg of propranolol at rest and during exercise in patients with angina 
pectoris. The preliminary results of this investigation were recently re- 
ported." 


Methods 


Patients: Eleven men, aged 45 to 64 years, with stable exercise-induced angina 
pectoris were studied. Each patient had significant coronary artery disease as 
defined by 75 percent or more luminal narrowing of one or more coronary arteries 
onangiography. No patient had had a myocardial infarction, was hypertensive 
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or had clinical or radiologic evidence of cardiac enlargement 
or failure. None had previously been treated with propranolol. 
Six patients were taking long-acting nitrates but discontinued 
taking these drugs at least 7 days before the study. During the 
week before the study, the only medication prescribed was 
sublingual nitroglycerin, and this drug was not taken on the 
days of the investigation. 

‘Phe resting electrocardiogram was normal in all patients. 
During exercise, all patients had angina by the beginning of 
stage 3 of the multistage treadmill test,® and 10 of the 11 pa- 
tients had ischemic S- T segments characterized by horizontal 
or downsloping S- T segment depression of 1 mm or more and 
of at least 0.08 second's duration in modified lead V5. The 
study was explained to each patient and written informed 
consent was obtained. 

Design of investigation: The definitive studies were per- 
formed in the morning after an overnight fast. Patients did 
not smoke on the day of the study. On a single blind basis, each 
patient underwent three separate studies. On day 1, obser- 
vations were made at rest and during exercise before (control 
period) and 1, 2, 4, 8, 12 and 24 hours after the oral adminis- 
tration of 80 mg of propranolol. On days 4 and 7, the studies 
were repeated before and after administration of 160 mg of 
propranolol and placebo, respectively. 

The end point during exercise for the control studies was 
moderately severe angina; the end point after the adminis- 
tration of placebo or propranolol was moderately severe an- 
gina or fatigue. Patients were given a light meal without coffee 
1 1/2 hours before the 4 and 12 hour studies. 

Measurements and recordings: Modified lead V5 of the 
electrocardiogram was monitored on an oscilloscope 
throughout the study and records were taken on a standard 
electrocardiograph at a paper speed of 25 mm/sec at 1 minute 
intervals for 3 minutes with the patient standing and at 1 
minute intervals during exercise. Further records were taken 
at the onset of angina (P1) and when angina became moder- 
ately severe (P5). The average values for heart rate and S-T 
segment depression during 10 consecutive beats were mea- 
sured from the electrocardiogram. 

Blood pressure was measured using sphygmomanometry 
at 1 minute intervals at rest and during exercise. The time of 
onset of P, and Ps was documented. The rate-pressure 
product was calculated as the product of systolic arterial blood 
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pressure and heart rate and expressed in mm Hg/min X 107%. 
External work performed until the onset of P; and P5 was 
calculated for each patient using the formula: Work = mass 
(J) X gravitational constant (G) X {SIN (Theta, that is, angle 
of treadmill from the horizontal) X velocity X length of time 
walked on the treadmill (Z)} and expressed in joules X 1078. 

Ten milliliters of venous blood was collected at rest before 
each exercise period for determination of plasma propranolol 
concentration. Blood was collected in heparanized tubes, spun 
in a refrigerated centrifuge at 3,000 revolutions/min at 3? C 
within 15 minutes of sampling and the plasma stored at —30* 
C. Plasma propranolol levels were measured using the fluo- 
rometric method described by Shand et al.! With the plasma 
sample of 4 ml, this method is sensitive to plasma concentra- 
tions of 5 ng/ml or greater. 

Analyses of data: Data were analyzed for statistical sig- 
nificance using the analysis of variance program of Biochemic 
Computer Programs, University of California, Los Angeles; 
Minitab II program of Statistic Department of Pennsylvania 
State University was employed for the regression analysis by 
the method of least squares. Wilcoxon signed rank test and 
analysis of variance program were used to test the significance 
of changes in walking time and S-T segment changes. 


Results 


The study was accomplished without untoward 
events. 

Propranolol plasma concentration (Table I): In- 
dividual and group mean values of plasma propranolol 
concentration and plasma half-lives are given in Table 
I. Plasma propranolol concentration peaked at 2 hours 
in eight patients and at 4 hours in three patients after 
both the 80 and the 160 mg dose. The interindividual 
variation in peak plasma propranolol concentration was 
12- and 8-fold after 80 and 160 mg, respectively. The 
plasma propranolol concentration time curves were of. 
similar shape after the two doses, but the area under the 
curve was greater after 160 mg than after 80 mg (878.2 
+ 178.9 versus 315.1 + 87.6 ng/ml per hour) (P 
« 0.01). 


Time Course of Plasma Propranolol Concentration (ng/ml) After Oral Administration 


Case Hours After Propranolol, 80 mg Dose 

no. 0 1 2 4 8 i2 24 

1 0 10 18 12 10 0 0 

2 0 14 28 20 0 0 0 

3 0 0 0 45 28 0 0 

á 0 36 28 17 7 0 0 

5 0 117 147 94 42 23 0 

6° 0 0 8 13 0 0 0 

7 0 10 20 17 10 0 0 

8 0 58 55 51 31 10 0 

9 0 0 54 86 42 21 0 

10 0 39 35 35 24 10 0 

11 0 23 19 14 8 0 0 
Group mean 0.0 27.91 37.45 37.00 18.36 5.82 0.0 
1SD 0.0 34.97 40.08 30.14 1566 8.93 0.0 


* Data inadequate to calculate plasma half-life after 80 mg dose. 
t Average half-life value calculated from individual values. 
t Half-life value derived from the group mean plasma propranolol 


Half- Half- 
"Life Hours After Propranolol, 160 mg Dose Life 
(hr) 0 1 2 4 8 12 24 (hr) 
2.59 0 25 67 44 28 13 0 3.64 
1.82 0 66 65 41 39 19 0 3.86 
1.46 0 62 91 153 66 34 10 5.29 
2.22 0 42 46 28 14 0 0 1.89 
3.08 0 149 271 202 127 50 8 4.26 
0 14 22 36 24 13 0 3.75 
2.39 0 45 60 56 19 10 0 3.62 
3.80 0 49 149 143 90 44 10 5.40 
3.08 0 45 108 153 59 31 0 2.75 
4.23 0 78 179 96 64 28 7 4.87 
2.69 0 69 57 39 12 7 0 3.79 
2.67! 0.0 58.55 101.36 90.09 49.27 22.64 3.18 3.91! 
0.94 0.0 35.47 72.64 61.94 36.11 15.96 4.49 1.04 
3.98: 4.28! 
concentration. 
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Exercise tolerance (Fig. 1 and 2, Tables II and 
III): Exercise was discontinued because of moderately 
severe angina during the three control exercise periods 
and during the series of exercise tests after placebo 
administration. The group mean values of treadmill] 
walking time to the onset of angina (P) and the time to 
the development of moderately severe angina (P5) were 
similar during the three control studies. During each 
exercise period after placebo, no significant change 
occurred in the time to onset of angina in comparison 
with the control values. All patients experienced the 
onset of angina after propranolol, but three did not 
experience moderately severe angina after either 80 or 
160 mg of propranolol and an additional patient did not 


. experience the latter when he exercised 12 hours after 


the administration of 160 mg of propranolol. In these 
patients, exercise was discontinued because of fatigue 
and the exercise time to fatigue was substituted for time 


_ to the onset of moderately severe angina. Thus, after 
. both 80 and 160 mg of propranolol, the average walking 


time to the onset of angina and to the development of 
moderately severe angina increased significantly in 
comparison with the values after placebo (P «0.001). 
Similarly, the values for external work performed after 
each dose of propranolol were greater than the values 
after placebo (P «0.001). This improvement in exercise 


_ tolerance after each dose of propranolol was seen by 1 
. hour and persisted unchanged for 8 hours (P <0.001) 


and was still significant (P <0.05), although less 
marked, at 12 hours in comparison with the respective 


. placebo values. The increase in exercise tolerance at 8 


—— —— 





hours after either dose of propranolol could be predicted 
from the improvement seen at 1 hour (r = 0.91). 
Examination of the individual values showed that 
after 80 mg of propranolol, walking time to angina in- 
creased from the control values by 25 percent or more 
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HOURS AFTER ORAL DOSE 
FIGURE 1. Duration of effects on exercise tolerance of single oral 
doses of 80 and 160 mg of propranolol. In comparison with placebo 
values, walking time to the onset of angina (P4) and to the development 


of moderate angina (P5) increased significantly at 1 hour, and the in- 


crease persisted for 12 hours after each dose. The increase in walking 
time after 80 and 160 mg was of similar magnitude. * = probability (P) 
<0.05 in comparison with placebo. SEM = standard error of the 
mean. 


at 1 hour in 8 patients, at 2 hours in 9, at 4 and 8 hours 
in 10, at 12 hours in 5 and at 24 hours in 1 patient. After 
160 mg of propranolol, increase in walking time to an- 
gina by 25 percent or more was observed at 1, 2 and 4 
hours in 10 patients, at 8 hours in 9 and at 12 and 24 
hours in 4 patients. Comparison of improvement in 
exercise tolerance after the two doses of propranalol 
showed a similar improvement after each dose in six 
patients (Cases 1, 2, 5, 7, 8 and 9) and greater improve- 
ment in one patient (Case 4) after 80 mg and in four 
patients (Cases 3, 6, 10 and 11) after 160 mg of pro- 
pranolol. However, the group values of walking time to 
the oriset of angina and the development of a moder- 
ately severe angina after 80 and 160 mg were similar. 

Eléctrocardiographic S-T segment changes (Fig. 
3, Table IT): During exercise in the three control stud- 
ies, all but one patient had S-T segment depression of 
more than 1 mm at the onset of angina, and this became 
more pronounced at the time of development of mod- 
erately severe angina. After placebo, the degree of S-T 
segment depression at the onset and development of 
severe angina during exercise was similar to the control 
values. After each dose of propranolol, S-T segment 
depression was less pronounced at both periods of an- 
gina than after placebo. This difference was observed 
at 1 hour, and the effect persisted for 4 hours. However, 
when S-T segments were assessed after propranolol at 
the same duration of exercise at which angina had oc- 
curred during the placebo studies, there was signifi- 
cantly less S- T depression for up to 12 hours. 

Changes in heart rate and blood pressure (Tables 
II and III): There was a significant reduction in resting 
heart rate with the patient standing after both 80 and 
160 mg of propranolol in comparison with the values 
after placebo, and the effect persisted for 24 hours. In 
comparison with placebo there was a significant re- 
duction in exercise heart rate at both periods of angina 
after each dose of propranolol (P «0.001). This differ- 
ence was observed at 1 hour, and the effect persisted for 
at least 12 hours after each dose. The effect on heart rate 
was more pronounced after 160 than after 80 mg but the 
difference was not statistically significant. 


| 


| MEAN + SEM 


@—® PROPRANOLOL 80 mg 
O---© PROPRANOLOL I60:mg 
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PERCENTAGE INCREASE IN 
TREADMILL WALKING TIME 


HOURS AFTER ORAL DOSE 


FIGURE 2. Percent increase in walking time to the onset of angina after 
each dose of propranolol was significant at P = 0.01 level up to 8 hours 
and at the P = 0.05 level at 12 hours. Percent increase in walking time 
= ([walking time after propranolol — control walking time] /control 
walking time) X 100. SEM - standard error of the mean. 
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hour after 
least 12 


stolic blood pressure was similar after 


drug administration and persisted for at 


each dose of propranolol and was present 1 
hours. 


reduction in sy 


ystolic blood pressure was significantly 
at both periods of angina in comparison with 


effect persisted for 8 hours (P «0.01). After each dose 


of propranolol, s 


After each dose of propranolol, there was a small but 
* significant reduction in systolic blood pressure and the 
reduced 


ressure product at the onset of angina and 


the development of moderately severe angina decreased 


p 


The rate- 


the placebo values at these periods (P «0.001). The 


TABLE li 


Duration of Effects of Single Doses of Oral Propranolol and Placebo in 11 Patients (mean + SEM) 


Exercise, P2 


Exercise, P4 


Rest Standing 


Propranolol 


80 mg 


Propranolol 


Propranolol 


80 mg 


160 mg 


Placebo 80 mg 160 mg Placebo 


160 mg 


Placebo 


0 Hours 
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significantly after each dose of propranolol in compar- 
ison with the values after placebo (P <0.001). This de- 
crease was due to a reduction in both heart rate and 
systolic blood pressure during exercise after propran- 
olol. | 

Relation between plasma propranolol concen- 
tration and treadmill walking time, heart rate and 
systolic blood pressure (Fig. 4): With use of the group 


_ mean data, the relation between plasma propranolol 


concentration and walking time to angina was defined 
by the equation: Y = 346.84 + 1.89x (r = 0.90), where 
Y = walking time, x = plasma propranolol concentration 


and r = correlation coefficient. Because the walking 


| 


_ time to angina varied from one patient to another dur- 
ing the control studies, the data were normalized by 
. calculating the percent change in walking time in rela- 


tion to the individual control values. Correlation of 
plasma concentration and percent change in walking 
time for each person indicated that the r values were 
more than 0.71 (P «0.01) in five patients, between 0.50 
and 0.71 (P «0.05) in three and less than 0.50 (P <0.05) 
in the remaining three patients. 

The relation between group mean values of plasma 


propranolol concentration and heart rate during ex- 
.ercise was defined by the equation: Y = 125.37 — 0.25x, 
i (r = 0.91, no. = 14), where Y = heart rate per minute 


and x — plasma concentration. Similarly, the relation 
between plasma concentration and systolic blood 





pressure was described by the equation: Y = 159.03 — 
0.41x (r = 0.86, no. = 14), where Y = systolic blood 
pressure and x = plasma concentration. 


Discussion 


. This study was designed to investigate the duration 
of action of propranolol in patients with stable exer- 
cise-induced angina pectoris. The results showed that 
after single oral doses of 80 and 160 mg of propranolol, 
improvement in exercise tolerance and reduction of 


heart rate, systolic blood pressure and rate-pressure 
product during exercise were apparent at 1 hour and 
persisted for 12 hours. 

The study may be criticized because the design was 

single blind rather than double blind and the propran- 
olol and placebo were not administered in random 
order. For patient safety it was decided to administer 
the smaller dose of propranolol first. The placebo was 
adniinistered at the end so that the effects of familiar- 
ization with the study and training could be taken into 
consideration when assessing the drug effects. 
_ Propranolol plasma half-life related to duration 
of action: The average plasma half-lives of 3.8 and 4.1 
hours after 80 and 160 mg of oral propranolol, respec- 
tively, calculated from the mean plasma propranolol 
concentration are longer than those previously reported 
after intravenous and single oral doses.!25 However, in 
our study the half-life values varied widely— from 1.46 
to 4.23 hours after the 80 mg dose and from 1.89 to 5.29 
hours after the 160 mg dose. However, despite the short 
plasma half-life, improvement in exercise tolerance after 
a single oral dose of 80 or 160 mg of propranolo! per- 
sisted unchanged from 1 to 8 hours and, although less 
pronounced, was still significant at 12 hours. The cir- 
culatory changes followed a similar time course. 

Improved exercise tolerance: This prolonged im- 
provement in exercise tolerance after a single oral dose 
of propranolol suggests that this drug could be pre- 
scribed twice rather than four times daily. This dosage 
would offer obvious advantages and should improve 
patient compliance. Furthermore, the improvement in 
exercise tolerance after a single oral dose of propranolol, 
which persists for 8 to 12 hours, can be predicted from 
the response seen at 1 hour. The increase in exercise 
tolerance was associated with significant improvement 
in the electrocardiographic evidence of myocardial 
ischemia as evidenced by changes in S- T segment de- 
pression. This finding was also previously reported by 








TABLE III 
Summary of Analysis of Variance 
— Vi; d MEN NEAR KM DA e N S A E 
Rest Standing Exercise P, Exercise P; 
Error F P F P 
Variable Source Term DF Ratio Value Ratio Value Ratio Value 
HR D DI 2; 18 94.628 «0.001 27.245 «0.001 24.431 «0.001 
T IT 6; 54 9.994 «0.001 8.208 «0.001 15.730 «0.001 
DT DIT 12; 108 6.1378 «0.001 5.257 «0.001 12.382 «0.00 1 
SBP D DI 2; 18 25.619 «0.001 48.041 «0.001 61.739 «0.001 
T IT 6; 54 8.333 <0.001 25.940 <0.001 40.349 <0.001 
DT DIT 12; 108 7.452 <0.001 9.311 <0.001 15.263 <0.001 
RPP D DI 2; 18 75.137 <0.001 44.578 <0.001 49.541 <0.001 
F IT 6; 54 12.507 <0.001 19.290 <0.001 28.289 <0.001 
DT DIT 12; 108 9.155 <0.001 8.590 <0.001 17.672 <0.001 
Walking time D DI 2; 18 32.528 <0.001 26.408 <0.001 
t IT 6; 54 33.319 «0.001 18.533 <0.001 
: DT DIT 12; 108 12.945 «0.001 5.752 « 0.C01 
Work done D DI 2; 18 23.176 «0.001 25.525 <0.001 
y IT 6; 54 35.215 <0.001 18.949 <0.001 
DT DIT 12; 108 9.553 <0.001 6.874 <0.001 


D = main drug effect; DF = degree of freedom; DI = 


of drug X time; F ratio = (mean square due to factor)/(m 
RPP = rate-pressure product (heart rate X systolic bl 
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drug X individual interaction; DIT = drug X individual X time interaction; DT = interaction 
ean square due to error); HR = heart rate; IT = time X individual intera 
ood pressure); SBP = systolic blood pressure; T = main time effect. 


ction; P = probability; 


other investigators.?-!! Angina consistently occurred 
at a lower rate-pressure product after propranolol than 
after placebo, a finding in agreement with previous re- 
ports.9.11-14 

Circulatory effects: Beta adrenergic blocking drugs 
produce a reduction in heart rate, systolic blood pres- 
sure and contractility and hence reduce oxygen re- 
quirements of the left ventricle at any given external 
work load.!? However, these beneficial effects may be 
partially offset by an increase in left ventricular volume 
and wall tension secondary to the slowing of heart rate 
and reduction in contractility induced by propran- 
olol.16-18 The latter may, in part, explain the consis- 
tently lower rate-pressure product at angina after pro- 
pranolol. Despite this lower rate-pressure product, the 
majority of our patients achieved higher work loads and 
showed consistent improvement in exercise tolerance 
after propranolol administration. Studies in human 
beings suggest that the changes in coronary vascular 
resistance and the decrease in coronary blood flow in- 
duced by propranolol are secondary to the influence of 
the drug on myocardial oxygen demands.!?-?! It is 
therefore likely that the improvement in exercise tol- 
erance after propranolol is induced by an improvement 
in supply-demand ratio through a reduction in myo- 
cardial oxygen requirements. 
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Persistence of effects despite low plasma pro- 
pranolol levels: The relation between plasma pro- 
pranolol concentration and improvement in exercise 
tolerance varied among patients. The average increase 
in exercise tolerance at a plasma propranolol concen- 
tration of 101.4 + 72.6 ng/ml (mean + 1 standard de- 
viation) recorded 2 hours after the 160 mg dose of pro- 
pranolol was little different from that seen at a plasma 
concentration of 18.4 + 15.7 ng/ml observed 8 hours 
after the 80 mg dose. Even when plasma levels were 10 
ng/ml or undetectable, a significant improvement in 
exercise tolerance was observed in many patients. These 
findings are in agreement with those reported by Pine 
et al.|? The persistence of pharmacologic effects of 
propranolol in the presence of very low or undetectable 
plasma propranolol levels is probably due to the active 
tissue binding of the drug and the presence of phar- 
macologically active metabolites of propranolol. Several 
metabolites of propranolol have pharmacologic activi- 
ty,22 but only 4 hydroxy-propranolol has been found to 
have beta adrenergic blocking activity.” However, the 
latter metabolite has a much shorter half-life than 
propranolol and often cannot be detected 8 hours after 
its oral administration. 

Therapeutic implications: One may conclude that 
administration of 80 or 160 mg of propranolol twice a 
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FIGURE 3. Duration of effect of single oral doses of propranolol on electrocardiographic S-T segment depression during exercise. At the onset of 
moderate angina (P2) S-T segment depression was less pronounced than placebo values at 1, 2 and 4 hours after each dose of propranolol. When 
S-T segment depression at the onset of moderate angina after placebo was compared with S-T segment depression at the same duration of exercise 
after propranolol, there was significantly less S-T segment depression after propranolol for at least 12 hours. * = P «0.05 in comparison with pla- 


cebo. 
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FIGURE 4. Relation between plasma propranolol concentration and 
in walking time (WT) = ([WT to P, after propranolol — 
walking time after propranolol; x = plasma propranolol concentration; r = correlation coefficient. 


percent change in walking time to angina (P4) after propranolol. Percent change 
WT to P, before propranolol|/WT to P4 before propranolol) X 100. Y = percent change in 


| day should be adequate treatment for patients with 
_ exertional angina pectoris due to coronary artery dis- 
ease. Our results, like those of Chidsey et al.,?* show that 
the routine measurement of plasma propranolol con- 
centration is of little value in the management of pa- 
tients with angina pectoris. However, our data may be 
applicable only to patients with stable exertional angina 
and not to the wider population of patients with isch- 
. emic heart disease. Our study also did not assess the 
long-term effects of propranolol in patients with angina 
pectoris. Further studies are currently in progress, and 
preliminary results suggest that administration of 





propranolol two times daily is effective in the long-term 
therapy of angina pectoris. 
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Because improved long-term oral vasodilator therapy for chroric con- 
gestive heart failure is needed, the cardiocirculatory effects of the new 
antihypertensive quinazoline derivative, trimazosin, were evaluated with 
use of concomitant cardiac catheterization and forearm plethysmography 
in nine patients with severe chronic congestive heart failure due to cor- 
onary disease. After ingestion of 100 to 300 mg (average 172 mg) of tri- 
mazosin, the greatly elevated left ventricular filling pressure decreased 
from 30 to 23 mm Hg and the lowered cardiac index rose from 2.02 to 2.59 
liters/min per m*. Considerable improvement in cardiac function occurred 
within 1 hour after ingestion of trimazcsin; peak efficacy was achieved 
after 2 hours and persisted in the 3rd hour. Heart rate was unchanged and 
systemic blood pressure was mildly reduced. Because pump perfor- 
mance was enhanced while indexes of myocardial oxygen consumption 
declined, ventricular efficiency increased. Vascular relaxation was pro- 
duced in both the systemic resistance and capacitance beds, with 
venodilation slightly more prominent. This clinical investigation of the acute 
hemodynamic effects of trimazosin objectively demonstrates that the drug 
provides considerable hemodynamic benefit in cardiac dysfunction and 
is therefore a potentially salutary agent for treatment of patients with 
chronic severe congestive heart failure. 


The efficacy of afterload reduction in the management of severe, oth- 
erwise refractory congestive heart failure is well recognized.'-? Although 
conventional agents such as digitalis and diuretic drugs are only partially 
effective in such patients with marked dysfunction of the left vertricle 
the use of certain systemic vasodilator agents to reduce the mechanical 
burdens of excessive impedance and preload on this chamber has been 
shown to result in short-term improvement of cardiac performance.?.10 
However, continuation of the salutary benefits of in-hospital adminis- 
tration of vasodilators during long-term therapy of the ambulatory pa- 
tient remains difficult.!! Although oral prazosin and combined hydral- 
azine-nitrate ingestion have been demonstrated to enhance ventricular 
function substantially,75.12-17 gradual tolerance to prazosin may occur!? 
and long-term administration of hydralazine may be complicated by 
deleterious tachyarrhythmias, precipitation of anginal pain, exacerbation 
of fluid retention, precipitation of the lupus erythematosus syndrome 
and peripheral neuropathy.19-23 Consequently, there is considerable 
interest in the development of new efficacious oral afterload-reducing 
vasodilator agents that are without untoward effects for therapy of 
ambulatory patients with heart failure.!: Accordingly, in this hemody- 
namic study we evaluated the recently developed oral antihypertensive 
quinazoline derivative, trimazosin,22-24 and its temporal effects on left 
ventricular function and peripheral circulatory dynamics in patients with 
chronic severe congestive heart failure. 
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Methods 


Study patients: The study group comprised nine patients 
with severe congestive heart failure due to coronary artery 
disease and prior myocardial infarction. Their clinical profile 
is given in Table I. There were nine men with a mean age of 
59.7 years. Multivessel coronary arterial obstruction and 
marleed left ventricular dysfunction with extensive segmental 
dyssynergy and depressed ejection fraction were angiograph- 
ically demonstrated in eight patients; radioisotope blood pool 
scanning documented severely abnormal cardiac performance 
in the ninth patient. The location of the infarct was anterior 
in four and anterior and inferior in five patients. Despite 
long-term therapy with digoxin and diuretic agents all patients 
had advanced cardiac symptoms (six patients were in New 
York Heart Association? functional class IV and the re- 
maining three were in class III). The duration of heart failure 
ranged from 6 to 17 months (mean 11.2). The daily dose of 
digoxin was administered on the morning of the study; the 
diuretic drugs were given on the previous evening, at least 12 
hours before initiation of the study. 

Hemodynamic measurements: All nine patients were 
studied in the postabsorptive state after giving informed 
consent. We measured systemic blood pressure directly 
through an intraarterial Teflon? catheter placed into a bra- 
chial artery. Right atrial, pulmonary arterial and pulmonary 
capillary wedge pressures and cardiac output assessed with 
the thermodilution technique were recorded with the Swan- 
Ganz catheter. Determinations of cardiac output were per- 
formed in triplicate (less than 10 percent variation) with use 
of iced saline solution, and calculations were accomplished 
using a bedside computer (Santa Barbara Technology, Inc., 
Santa Barbara, California). 

Derived hemodynamic variables were calculated as follows: 
stroke index in g-m/m? = SI X (AP — LVFP) X 0.0136, where 
SI = stroke index in ml/m?, AP. = mean systemic arterial 
pressure in mm Hg and LVFP = left ventricular filling pres- 
sure in mm Hg (either as the mean pulmonary capillary wedge 
or pulmonary arterial diastolic pressure with the particular 
method used remaining constant throughout the study for 
each patient; total systemic vascular resistance —80 (AP — 
RA)/CO, where 80 converts mm Hg to dynes/sec cm^? and RA 
— mean right atrial pressure; double product index of myo- 
cardial oxygen consumption in mm Hg/min (systolic arterial 
pressure X HR), where HR - heart rate (beats/min). 


TABLE ! 
Pretreatment Characteristics of Patient Group 
Case Age (yr) Remote NYHA Daily 
no. & Sex MI Class Therapy (mg) 
"AU caos MP ln ah INC Fe Ree De cc eS 17 MU AIC EE 
1 58M Ant IV Dig, Fur 160 
2 62M Ant + Inf IV Dig, Fur 800, 
Spir 200 
3 31M Ant I Dig, Tri 100, 
Hy 50 
4 58M Ant Hl Dig, Fur 240 
5 66M Ant + Inf IV Dig, Fur 240, 
Iso 160 
6 64M Ant + Inf I Dig, F 240, 
Iso 160 
7 66M Ant t Inf ill Dig, Fur 80 
8 63M Ant + Inf IV Dig, Tri 100, 
Hy 50 
9 69M Ant IV Dig, Fur 120 


Ant = anterior; Dig = digoxin, 0.25 mg daily; Fur = furosemide; Hy 
= hydrochlorothiazide; Inf = inferior; Iso = oral isosorbide dinitrate; 
MI = old myocardial infarction; NYHA Class = New York Heart Asso- 
ciation functional class; Spir = spironolactone; Tri = triamterene. 
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Plethysmography: We performed forearm plethys- 
mography in eight of the nine patients, using the mercury- 
filled rubber strain gauge placed around the mid forearm as 
previously described.” Patients were studied in the supine 
position with the forearm elevated so that venous pressure in 
the arm approached 0; the hand vessels were isolated from the 
forearm by inflation of a wrist cuff to suprasystolic pressures. 
Forearm venous occlusion was rapidly achieved by inflation 
of a sphygmomanometer cuff wrapped around the upper arm 
and attached to a container of compressed air with a special 
pressure gauge preset at 30 mm Hg. Forearm blood flow was 
calculated from the change in forearm circumference during 
acute venous occlusion and was expressed as ml/100 g tissue 
per min.®2° Simultaneous intraarterial pressure was obtained 
from the indwelling brachial arterial catheter placed in the 
opposite arm. Forearm vascular resistance was calculated as 
the ratio of mean arterial pressure to forearm blood flow ex- 
pressed in units of mm Hg/ml per 100 g tissue per min.9:15.25 
All values for forearm blood flow and forearm vascular resis- 
tance were obtained by averaging at least six individual de- 
terminations. 

Forearm venous tone was also determined in the eight pa- 
tients with the acute venous occlusion technique??? using 
an indwelling 19 gauge Teflon catheter or needle placed in a 
forearm vein immediately distal to the forearm strain gauge. 
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FIGURE 1. Sequential effects of a single oral dose of trimazosin (172 
mg) on systemic mean blood pressure (A) and left ventricular (LV) filling 
pressure (B) in nine patients with chronic congestive heart failure due 
to coronary disease. Average values + standard error of the mean are 
shown for each hour of the 3 hour period of evaluation after ingestion 
of trimazosin capsules (100 to 300 mg). ** = P < 0.005; ! = P < 0.001; 
C = control; n = number of patients. 
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The ratio of change in forearm venous pressure to the change 
in forearm volume (expressed in mm Hg/ml) that occurred 
during the initial 10 seconds after inflation of the upper arm 
venous occlusion cuff to 30 mm Hg was measured to determine 
the pressure-volume relations of the capacitance bed.?9 All 
venous tone determinations were performed in triplicate. 

Trimazosin administration: After control hemodynamic 
and plethsymographic variables were obtained, each of the 
nine patients ingested oral trimazosin in a single dose of 100 
to 300 mg (mean 172). The dose selected depended on previous 
noninvasive titration of the effects of the trimazosin on heart 
rate and blood pressure and beneficial symptomatic responses 
in six patients. We remeasured all cardiocirculatory variables 
at 60 minute intervals for the succeeding 3 consecutive hours. 
Statistical analysis of these data was performed using Stu- 
dent's t test for paired data and analysis of variance. 


Results 


Hemodynamics: The mean heart rate of 85.4 + 5.8 
beats/min was unchanged (P >0.05) with trimazosin for 
the duration of the study, but the mean systemic blood 
pressure of 94 + 7 was reduced to 85 + 6 mm Hg 60 
minutes (P «0.01) after ingestion of the agent (Fig. 1A). 
This mild reduction was maintained for the duration 
of the study, values at 2 and 3 hours being 83 + 6 mm Hg 
and 83 + 5 mm Hg respectively (P «0.001 for both) (Fig. 
1A). 
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FIGURE 2. Serial effects of oral trimazosin on cardiac index (liters/min 
per m?) (A) and stroke index (ml/beat per m?) (B) in the nine patients. 
Format and symbols as in Figure 1. 
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The control elevated left ventricular filling pressure 
(Fig. 1B) of 30.0 + 3.1 mm Hg was diminished efter oral* 
trimazosin to 26.1 + 3.8 mm Hg at 60 minutes (P 
« 0.005), 22.9 + 2.6 at 2 hours (P <0.001) and 22.8 + 3.0 
at 3 hours (P «0.001). Thus trimazosin produced a 
considerable sustained decrease in left ventricular filling 
pressure. a 

The lowered control cardiac index (Fig. 2A) of 2.02 
+ 0.25 liters/min per m? was increased to 2.42 + 0.25 (P 
<0.005) 60 minutes after oral trimazosin, and peak ef- 
fects were documented at 2 hours (2.59 + 0.25 liters/min 
per m?; P «0.001). At 3 hours, the cardiac index re- 
mained elevated at normal values (2.56 + 0.24 liters/min 
per m?) (P <0.001) (Fig. 2A). The stroke index dem- 
onstrated similar temporal improvements after ad- 
ministration of trimazosin. Thus the stroke index of 24.6 
+ 3.2 m/beat per m? (Fig. 2B) was increased to 29.7 + 
3.6 at 60 minutes (P <0.005); the value was maximal 
(31.8 + 3.4) at 2 hours (P <0.001) and was still 31.4 + 
3.8 ml/beat per m? (P <0.001) at 3 hours. 

The stroke work index (Fig. 3A) was improved sig- 
nificantly from 22.3 + 4.0 to 26.6 + 3.5 (P <0.005) and 
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FIGURE 3. Serial effects of oral trimazosin on stroke work index ‘SWI, 
g-m/m*^) (A), total systemic vascular resistance (TSVR, dynes sec cm-5) 
(B) and the product of heart rate (HR) and systolic blood pressure (SBP) 
(mm Hg/min) (C) utilized as an index of myocardial oxygen consumption. 
Format and symbols as in Figure 1; in addition, * = P < 0.02. 


26.5 + 4.2 g-m/m? (P <0.02) at 120 and 180 minutes, 

*respectively, after trimazosin. The total systemic vas- 
cular resistance (Fig. 3B) was reduced from 1,843 + 141 
to 1,355 + 95 dynes/sec cm~ at 60 minutes (P < 0.001) 
and remained decreased (1,263 + 90 and 1,314 + 93 
dynes/sec cm~®, respectively, at 120 and 180 minutes 
(both P «0.001). Meanwhile, the index of myocardial 
oxygen consumption of heart rate X systolic blood 
pressure was diminished (P «0.001) from 11,568 + 1,552 
to 10,417 + 1,452 units at 60 minutes (Fig. 3C) and 
persisted reduced (10,134 + 1,407 and 10,465 + 1,473 
units, respectively) at 120 and 180 minutes (both P 
« 0.005). 

Peripheral circulatory dynamics: Plethysmogra- 
phic evaluation of the peripheral circulatory effects of 
trimazosin was performed on the regional vascular bed 
of the forearm in eight patients by comparing control 
values with the changes that occurred 2 hours after 
administration of the drug (Fig. 4). Trimazosin effected 
an improvement in forearm blood flow from 1.23 + 0.40 
to 1.77 + 0.45 ml/100 g per min (P «0.05) (Fig. 4A). 
Concomitantly, the control forearm vascular resistance 
of 109.4 + 19.9 mm Hg/ml per 100 g per min was di- 
minished to 58.9 + 7.5 (P <0.01) Fig. 4B), and the con- 
trol forearm venous tone (Fig. 4C) of 48.5 + 9.2 mm 
Hg/ml was decreased to 15.7 + 1.2 (P <0.001). 

'To assess the relative potency of trimazosin vasodi- 
lator effects on the systemic resistance and capacitance 
circulations, the ratio of the percent decrease in forearm 
vascular resistance to the percent decrease in forearm 
venous tone was evaluated. This ratio measured 0.70 + 
0.09, thus indicating that oral trimazosin possesses 
relatively more venodilator than arteriolar dilating ac- 
tivity. 


Symptomatology: The patients’ symptoms were~ -- 


evaluated before, during and for 24 hours after the 
study. As previously indicated (Table I), all patients 
were severely symptomatic with three patients being in 
functional class III and six patients in class IV. After the 
ingestion of trimazosin, dyspnea at rest decreased in five 
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of six patients, decreasing greatly in three patients. 
During the ensuing 24 hours of observation, symptom- 
atic improvement persisted, and four of the nine pa- 
tients had marked diuresis. 


Discussion 


Rationale for effectiveness of systemic vasodi- 
lator agents in congestive failure: The two principal 
symptomatic manifestations of left heart failure are 
dyspnea and fatigue consequent to the cardinal hemo- 
dynamic abnormalities of the dysfunctioning ventricle 
of elevated end-diastolic pressure and lowered cardiac 
output. The fundamental compensatory mechanism of 
augmented adrenergic activity in response to this 
pathologic condition results in heightened peripheral 
vascular resistance and systemic venous tone, thereby 
producing accentuation of left ventricular afterload by 
elevating aortic impedance and contributing to in- 
creased cardiac preload. Further, in contrast to the 
normal heart, the pump performance of the decom- 
pensated ventricle is predominantly modulated by al- 
terations in aortic impedance due to the steep inverse 
relation between cardiac output and peripheral vascular 
resistance?:!0.26 characteristic of the heart failure state. 
Thus, the rationale for the effectiveness of systemic 
vasodilator drugs is established in cardiac dysfunc- 
tion,9:!9.26 because their relaxing action on peripheral 
vascular smooth muscle provides an extracardiac un- 
loading mechanism that facilitates left ventricular 
emptying and relieves pulmonary congestion. 

Enhancement of cardiac performance by tri- 
mazosin and its mode of action: The results of our 
study objectively document with direct hemodynamic 
measurements that the orally administered systemic 
vasodilator, trimazosin, enhances cardiac performance 
in patients with severe congestive heart failure. Inges- 
tion of a 100 to 300 mg dose of the agent simultaneously 
lowered the greatly elevated left ventricular filling 
pressure and considerably augmented decreased cardiac 
output to normal values in each of the nine patients with 


FIGURE 4. Effects of trimazosin 
(TZ) (2 hours after administration of 
drug) on forearm blood flow (A), 
forearm vascular resistance (B) and 
forearm venous tone (C) in eight of 
the nine patients. The white bar 
represents the control (C) value + 
standard error of the mean. 
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otherwise refractory ventricular dysfunction. These 
salutary hemodynamic effects were significantly evident 
within 60 minutes after ingestion of the drug; they 
peaked by 2 hours and remained maximal throughout 
the 3rd hour at the completion of the investigation. That 
this remarkable improvement in myocardial function 
was temporally associated with concomitant reductions 
in excessive peripheral arteriolar resistance and venous 
tone strongly suggests that left ventricular performance 
was enhanced by trimazosin-induced dilation of both 
the systemic arteriolar resistance and venous capaci- 
tance beds. This proposed mechanism of action is en- 
tirely consistent with the known direct vasodilator 
properties of the agent in the successful abolition of 
elevated blood pressure in patients with essential hy- 
pertension,? as well as with the finding in our study of 
a significant decrease in mean systemic blood pres- 
sure. 

In addition, our study showed that ventricular stroke 
work was augmented in consort with decreases in 
myocardial oxygen consumption variables of heart 
rate-blood pressure product?? and intramyocardial 
tension components. Thus, the vasodilator action of 
trimazosin improved left ventricular pump efficiency, 
an influence of particular importance in chronic isch- 
emic heart disease. Furthermore, the potential anti- 
anginal effect of the drug is delineated. 

Although trimazosin was shown here to possess both 
systemic arterial and venous dilator properties, the re- 
laxant effect was relatively greater on the capacitance 
than on the resistance vessels. Nevertheless, the de- 
pressed cardiac output was normalized by the vasodi- 
lator whereas the greatly increased left ventricular 
filling pressure decreased toward optimal values in our 
patients. These dramatic hemodynamic effects of the 


drug should be especially advantageous for many pa- 
tients with advanced congestive heart failure who ard 
limited by combined dyspnea and fatigue. Moreover, 
trimazosin exerted considerably more favorable action 
on pump function in our patients than is usually seen 
in patients taking nitrates, because the latter agents 
produce essentially pure venodilation and thereby no 
substantial improvement in lowered cardiac output.?? 

Implications: An important aspect of our study is 
that the dose of trimazosin was optimized by its titration 
for beneficial hemodynamic and symptomatic effects 
before objective central hemodynamic evaluation was 
performed. This pretest procedure allowed us to assess 
the actions of the drug on cardiac performance utilizing 
the most effective individualized dose and resulted in 
considerably greater salutary hemodynamic results in 
our study group than was noted in a previous prelimi- 
nary report.?^ Furthermore, in recent studies???? using 
a double-blind protocol it was demonstrated that the 
regimen of 100 mg of oral trimazosin given three times 
daily, improved cardiac performance, as objectively 
shown with serial treadmill exercise tests for several 
weeks in ambulatory patients with chronic congestive 
failure. This confirms our observation of short-term 
enhancement of impaired ventricular function during 
3 hours of direct central hemodynamic monitoring after 
a single equivalent dose of the drug ingested by similar 
patients with chronic ischemic heart disease and con- 
gestive heart failure. 
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Noninvasive measurements of maximal oxygen intake and invasive 
measurement of systemic and pulmonary arterial pressures, arterial and 
mixed venous oxygen contents and direct Fick cardiac output are reported 
for 3 healthy men and 14 men with coronary heart disease. Observations 
were obtained at supine and sitting rest, during graded levels of upright 
exercise on a treadmill up to symptom-limited maximal effort and in two 
periods of recovery. The effects of 40 mg of propranolol orally were as- 
certained by repeating the measurements 1 to 1 1/2 hours later. The most 
consistent effect of propranolol was reduction of pressure-rate products 
at all phases; slowing of heart rate was significant only during exercise 
and recovery, and the greater slowing was accompanied by a significant 
increase in stroke volume. These changes were similar in patients with 
and without evidence of left ventricular impairment greater than 15 percent 
on exercise testing. Maximal oxygen intake decreased in healthy subjects 
and decreased slightly in patients with coronary heart disease with less 
than 15 percent left ventricular impairment or percent deviation of pres- 
sure-rate product from age-predicted normal values during the control 
study. Maximal oxygen intake increased in patients with more than 15 
percent left ventricular impairment. Arterial-mixed venous oxygen dif- 
ference increased after propranolol because of a reduction of mixed- 
venous oxygen content attributed to greater peripheral extraction of 
oxygen. 


Clinical usage of beta adrenergic blocking agents in symptomatic patients 
with coronary heart disease is well established.!-2 Nevertheless, some 
investigators reported no increase in exercise tolerance and a decrease 
in maximal oxygen uptake after oral? or intravenous‘ administration 
of propranolol, and other investigators? showed that in many patients 
with angina exercise tolerance improves after treatment with propran- 
olol. Although changes in hemodynamic variables in response to supine 
bicycle exercise in normal subjects and patients with heart disease 
(mainly noncoronary heart disease) were reported after intravenously 
administered propranolol,*9:? there are no data on the hemodynamic 
effects on exercise in the upright position in patients with coronary heart 
disease whose exertion is continued to symptom-limited capacity. 

We present here observations on the acute changes in aerobic capacity 
as well as the relative aerobic requirements and hemodynamic responses 
to the upright position, to graded levels of exercise and to symptom- 
limited capacity and initial recovery from exercise in ambulatory patients 
with coronary heart disease and in a few healthy, asymptomatic mid- 
dle-aged men after oral administration of 40 mg of propranolol. (A 
comprehensive analysis of electrocardiographic responses provided by 
computer analysis of Frank lead electrocardiograms will be reported 
separately.) Our study also attempted to ascertain whether the re- 
sponses to propranolol vary with the presence and severity of left ven- 
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TABLE | 
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Physical Characteristics and Responses to Maximal Exercise Test (before invasive studies) (mean + SD) 


Normal 

Subjects 

(no. = 3) 
Age (yr) 54+ 14 
Height (cm) 180 + 11 
Weight (kg) 80.9 + 8.7 
HR at rest (beats/min) 71+ 15 
SBP at rest (mm Hg) 122+ 4 
DBP at rest (mm Hg) 8119 
Max HR (beats/min) 171 « 16 
Max SBP (mm Hg) 178 i 5 
Max DBP (mm Hg) 73 + 10 
Max VO» (ml/[kg X min]) 34.0 + 9.2 
FAI (96) 0 X 11 
HRI (96) 1:33 


Patients With 
Coronary Heart Disease * 


LVI <15% LVI 215% 
(no. = 7) (no. = 7) Pt 
63+6 54+ 13 NS 
1744+ 8 180 + 10 NS 
80.5 + 16.4 82.0 + 13.1 NS 
68+ 13 T2 7 NS 
141+ 24 1219 NS 
88 + 10 81+6 NS 
149+ 8 130 + 19 <0.03 
177 + 42 157 + 25 NS 
83 + 13 86 + 8 NS 
26:1 23.8 21.4 + 8.9 NS 
16 + 12 39 + 26 <0.05 
12+4 26 + 10 <0.01 





* Patients separated on basis of pressure-rate product. 


Probability value comparing the two groups of patients with coronary heart disease. 
DBP = diastolic blood pressure; FAI = functional aerobic impairment; HR = heart rate; HRI = heart rate impairment; LVI = left ventricular im- 
pairment; Max = maximal; NS = not significant; SBP = systolic blood pressure; SD = standard deviation; VO5 = oxygen uptake. 


tricular impairment as well as with the work load of 
exercise. 


Methods 


Patients: Fourteen ambulatory men with coronary heart 
disease were selected for this study after they gave informed 
consent; their clinical and physical characteristics are listed 
in Table I. None was currently being treated with digitalis; any 
treatment with propranolol or any other cardiac medication 
was discontinued 2 days before the study. The corresponding 
data on three healthy control subjects are also shown in this 
table. Because few of the patients were considered by their 
physicians to be candidates for possible aortocoronary bypass 
surgery, coronary arteriographic and left ventricular angio- 
cardiographic data were not available for the majority. 

Treadmill exercise and measurements: Each subject had 
prior experience with the noninvasive multistage treadmill 
test of symptom-limited maximal exercise; this test was re- 
peated for measurement of submaximal and maximal oxygen 
uptake. Expired air was collected using a large bore, low re- 
sistance mouthpiece and respiratory valves and collecting 
tubing into serial neoprene bags, while the nostrils were oc- 
cluded with a noseclip. Ventilation was calculated by mea- 
surement of 60 second expiratory volumes with a calibrated 
gas meter. Concentrations of carbon dioxide and oxygen were 
measured in aliquots of expired air by dual analysis, before 
and after carbon dioxide absorption with a flow-regulated 
Beckman PO» analyzer for calculation of oxygen intake.’ Ef- 
fort was continued until symptom-limited maximal perfor- 
mance when the subject signaled that further exertion was 
impossible. 

After a period of rest, a Swan-Ganz catheter was floated 
under pressure monitoring into the pulmonary artery, and a 
short plastic catheter was inserted into the radial artery using 
the Seldinger technique. Phasic blood pressures were recorded 
with low volume transducers, and mean pressures were ob- 
tained by electrical integration. The zero reference level was 
adjusted to 10 cm above the mattress when the subjects were 
supine, and to the level of the fourth interspace anteriorly 
when they were upright. Blood samples were collected over 
several seconds for Lex-Os-Con analyses of oxygen content 
in arterial and mixed venous blood!?; samples were also oxy- 
genated to ascertain arterial oxygen capacities. A single pre- 


cordial electrocardiographic lead was used to monitor rhythm, 
heart rate and S- T displacement during the studies. Obser- 
vations were made with the subject resting supine and sitting, 
at several submaximal work loads and during symptom-lim- 
ited exercise, and at the 3rd and 5th minutes of recovery. After 
completion of the first invasive study, each subject was asked 
whether he was willing to continue; none refused. Then 40 mg 
of propranolol was given by mouth, and after a rest period of 
60 to 90 minutes, the invasive studies were repeated. There 
were no significant complications from these studies. 

The response of systolic pressure-rate product to the 
control invasive test of symptom-limited maximal exercise 
provides an appropriate functional basis for classifying the 
patients with coronary heart disease. There were seven pa- 
tients who had age-adjusted left ventricular functional im- 
pairment* of less than 15 percent or within the normal range, 
and seven patients whose left ventricular impairment was 
equal to or exceeded 15 percent. 


Results 


Variations in responses to propranolol in relation 
to posture and to exercise: Table II lists the mean 
values of paired comparisons of aerobic and hemody- 
namic variables before and after treatment with pro- 
pranolol in all 14 men with coronary heart disease at 
supine rest and at sitting rest, at two levels of exercise 
and two periods of recovery. The data demonstrate 
different effects of the same dose of propranolol in 
relation to posture, level of exercise and time of recov- 
ery. For example, with the subject resting supine cardiac 
output decreased 11 percent (P <0.02) and stroke vol- 
ume decreased 10 percent (P «0.05) after treatment 
with propranolol, whereas reductions in the sitting 
posture were not significant because of the greater 
variances in the measurements. Contrary to expecta- 
tions, decreases in resting heart rate were trivial and 
insignificant. Significant decreases in heart rate after 


* Left ventricular impairment was defined as the percent deviation 
between the age-adjusted predicted product of maximal systolic 
pressure/100 and maximal heart rate'! and observed product of 
maximal systolic pressure/ 100 and maximal heart rate. 
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TABLE Il 


Variations in Hemodynamic Responses to 40 mg of Propranolol in 14 Men With Coronary Heart Disease Matched for Posture 
and Levels of Exercise (mean + SD) 












































VO» Rel VO, HR CaO, CVO, AVO;D 
Supine 
Before 259 + 42 16+6 69+ 11 18.8 + 1.0 13.8 + 1.0 49+86 
After 250 + 40 15+4 66+9 18.3 + 1.4 12.8+ 1.3 55 +8 
Diff —9 + 30 —1+3 —9 £7 —0.5 + 0.7 —1.0+ 0.6 6+6 
P NS NS NS « 0.03 «0.0001 «0.01 
Sitting 
Before 308 + 55 1907 71 X 12 19.14 1.1 12.2 + 1.4 690-9 
After 309 + 62 1906 69 + 10 18.7 + 1.2 10.7 + 1.0 80+8 
Diff 1+ 48 0+3 —2+8 —-0.4+0.5 —1.5 + 1.1 11+ 12 
P NS NS NS « 0.001 « 0.001 « 0.01 
Exercise Level I 
Before 1195 + 371 67 +6 115 £15 19.9 + 1.4 7.14 2.1 128 + 21 
After 1202 + 332 68+6 99+ 14 1954+ 1.3 5.3 ż 1.9 142 + 20 
Diff 7+ 87 1+6 —16 + 15 —0.4 + 0.4 —1,.8.£ 0.7 t47 
P NS NS <0.001 <0.01 <0.0001 <0.0001 
Exercise Level Il 
Before 1611+ 453 87106 135 + 16 20.6 + 1.3 5.5 + 1.5 1514 14 
After 1602 + 458 87+8 115+ 17 20.2+ 1.5 43+ 1.4 159 + 15 
Difference —9:4- 03 0+4 —20+ 11 —0.4 t 0.4 —1.2 + 0.7 8:48 
P NS NS «0.0001 «0.01 «0.0001 « 0.01 
3rd Minute of Recovery 
Before 410+ 111 24 7 88 + 16 20.3 + 1.1 13.2+ 1.9 71 + 15 
After 419 + 95 2525 772+ 14 20.2 + 1.6 12.3 + 1.7 78+ 12 
Diff 9+ 88 144 —11 £ 11 —0.1 £ 0.7 —0.9 € 1.2 7+ 13 
P NS NS NS <0.02 NS 
5th Minute of Recovery 

Before 364 + 104 20+6 86 + 12 20.3 + 1.1 13.8 + 1.5 64+9 
After 332 + 90 19+4 74 X 13 20.1 + 1.6 13.1 € 1.8 70 + 10 
Diff —32 + 82 =1 £35 —12 4-10 —0.2 € 0.9 —0.7 £ 1.0 618 
P NS NS «0.001 NS «0.04 «0.05 


Exercise levels | and ll correspond to submaximal work loads in the 60 to 75 percent and 75 to 90 percent range of maximal oxygen uptake, re- 
spectively. AVO;D = arterial-mixed venous oxygen difference (ml/liter); CaO, = arterial oxygen content (ml/ 100 ml); CvO2 = mixed venous oxygen 
content (ml/ 100 ml); Diff = difference; HR = heart rate (beats/min); NS = not significant; P = probability; Pp, = mean pulmonary arterial pressure 


treatment with propranolol were observed only during 
exercise and recovery (P «0.0001 to <0.01). Mean ar- 
terial pressure was reduced when the subjects were su- 
pine (P «0.02) and during both levels of exercise (P 
«0.001 to <0.01) but not during recovery after exercise. 
Nevertheless, the mean arterial pressure-rate product, 
an index of the hemodynamic load on the left ventricle, 
was reduced with propranolol in all periods of obser- 
vation (P «0.001 to «0.05). Total pulmonary vascular 
resistance and pulmonary arterial mean pressure in- 
creased slightly during sitting after treatment with 
propranolol. 

Cardiac output was lower (P <0.01) after propranolol 
at level I exercise (which averaged 67 + 6 percent 
[standard deviation] of the individual subject's maximal 
oxygen uptake) and at level II exercise (which averaged 
87 + 6 percent of maximal oxygen uptake). Increases in 
arteriovenous oxygen difference were significant in all 
periods of observation except at 3 minutes of recovery. 
Mixed venous oxygen content decreased greatly (P 
«0.001 to «0.02) throughout all phases of the study 
because of greater extraction of oxygen from the avail- 
able flow of blood. 


pe 
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Variations in responses to propranolol in relation 
to left ventricular function: After treatment with 
propranolol, no healthy subject was able to perform as 
much exercise as before propranolol. The duration of 
exercise increased in only one patient with left ven- 
tricular impairment of less than 15 percent, whereas it 
increased in six of seven patients with greater impair- 
ment. 

The mean values of aerobic and hemodynamic 
variables in these two subgroups, together with corre- 
sponding changes in three healthy men studied in an 
identical manner, are shown in Table III. The effects of 
propranolol on maximal oxygen uptake ranged from a 
10 percent reduction in normal subjects and a 2 percent 
decrease in the patients with coronary heart disease 
with left ventricular impairment of less than 15 percent 
to an 18 percent (P <0.05) gain in the patients with left 
ventricular impairment of 15 percent or more (Fig. 1). 
The mean change in maximal oxygen uptake was the 
only significantly different (P «0.003) response ob- 
served between the two groups of patients with coronary 
heart disease. In the patients with left ventricular im- 
pairment of 15 percent or more, the cardiac output in- 
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TABLE |l 
Continued 
S3 a oxi ee ee ee ee ee ee ae ee EE 
Q SV Psa Ppa Rsa Rpa PRP X 107? 
oC 05 AAN ae Ee eS a a (ht. EE Cea ee eee eee a ETE a e 
. Supine 
Before 5.3+0.9 78+ 14 103 + 19 18+ 4 1594 + 381 283 + 80 71+ 19 
After 4.7 t 1.1 70+ 19 95+ 13 176 1713 + 622 297 + 90 63 + 12 
Diff —0.6 € 0.8 —8 t 11 —B + 11 —1+4 119 + 411 14493 —8 + 11 
P «0.02 «0.05 «0.02 NS NS . NS «0.02 
Sitting 
Before 45+ 1.0 63 + 10 106 + 21 13 43 1979 + 657 241+ 67 76 + 20 
After 3.9+0.9 57+ 12 101+ 15 15 X 3 2163 + 585 316 + 95 68+ 13 
Diff —0.6 + 1.1 —6 t 13 —b + 12 2-3 184 + 686 75 t 75 B d 10 
P NS NS , NS «0.05 NS «0.01 «0.02 
E Exercise Level | 
Before 9.3 + 2.1 81+ 18 114+ 16 26 + 11 1047 + 321 246 + 128 131+ 29 
After 8.4+ 1.8 85+ 13 102+ 17 25+ 10 1028 + 304 260 + 132 102 + 23 
Diff —0.9 t 1.0 4+ 10 TRU —-1+6 — 19 + 166 14+ 59 —29+ 18 
P <0.01 NS <0.001 NS NS NS <0.0001 
Exercise Level Il 
Before 106+ 2.8 78+ 17 116 + 15 30 + 10 948 + 359 255 + 130 157 = 25 
After 10.0 + 2.8 88 + 18 104+ 14 30 + 11 910 + 370 272+ 14 119 + 25 
Diff —0.6+0.6 104+ 8 —12 X 12 0'45 —38 + 83 17 £37 —38+ 19 
P <0.01 <0.01 <0.01 NS NS NS <0.0001 
3rd Minute of Recovery 
Before 5.9+ 2.1 7+ 18 106 + 12 16+6 1624 + 480 249 + 105 93+ 19 
After 5.9 X 1:2 71+ 20 105 + 16 7+7 17144 511 270 + 141 80 + 16 
Diff —0.6 £ 1.5 4+1 —1+11 17 90 + 378 21+ 111 —13 £ 18 
P NS NS NS NS NS NS <0.05 
5th Minute of Recovery 
Before 5.84 2.1 69+ 17 103 + 15 15+ 16 1575 + 529 206 + 81 91+ 19 
After 49+1.7 67+ 17 101+ 12 1405 1736 + 608 258 + 81 73 + 12 
Diff —0.9 t 1.6 —2 i 14 —2 6 —-—p4- 3 ‘161 + 521 52+ 44 14+ 12 
P NS NS . NS NS NS « 0.01 «0.001 


(mm Hg); PRP X 107? = pressure-rate product (units); Psa = mean systemic arterial pressure (mm Hg); Q = cardiac output (liters/min); Rel VOso 
= relative aerobic requirements (% maximal oxygen uptake); RPA = pulmonary arterial resistance (dynes sec cm 5); RSA - systemic arterial 
resistance (dynes sec cm~5); SV = stroke volume; VO» = oxygen uptake. 


creased slightly while it diminished slightly at symp- 
tom-limited maximal exercise in the patients with left 
ventricular impairment of less than 15 percent (Table 
III). Nevertheless, there was a consistent but insignifi- 
cant increase in arterial-mixed venous oxygen difference 
in both groups (Fig. 1). 

Propranolol exerted the greatest hemodynamic ef- 
fect on the peak response in pressure-rate product 
(Fig. 1). The changes ranged from a 27 percent reduc- 
tion in normal subjects to a 26 percent decrease in the 
patients with left ventricular impairment of less than 
15 percent (P «0.001). 

Stroke volume at symptom-limited exercise in- 
creased in all three groups, but the greatest change (20 
percent) was in the patients with coronary heart disease 
with left ventricular impairment of 15 percent or more 
(P «0.02). The greater stroke volume reflected the in- 
teraction of both a longer diastolic interval for ven- 
tricular filling, associated with a slower, heart rate and 
a modest decrease in systemic arterial pressure and left 
ventricular afterload. The magnitude of change in 
stroke volume in these three groups varied inversely 


with the initial control value after treatment with pro- 
pranolol. 

Comparison of variables for matched conditions and 
work loads reveals similar directional changes for the 
three subgroups with respect to mixed venous oxygen 
content, arterial-mixed venous oxygen difference, heart 
rate, cardiac output, mean arterial pressure and pres- 
sure-rate product; the mean values for two of these 
variables are illustrated in Figure 2. The magnitude of 
change in arterial-mixed venous oxygen difference at 
seated rest after propranolol was significantly greater 
(P «0.01) in patients with coronary heart disease with 
left ventricular impairment of 15 percent or more. At 
5 minutes of recovery the reduction of pressure-rate 
product after propranolol was greater (P <0.001) in the 
patients with left ventricular impairment of less than 
15 percent. 

Mean pulmonary arterial pressure after propranolol 
increased at seated rest in both groups with coronary 
heart disease. Although mean pulmonary arterial 
pressure increased with exercise, this change was 
slightly less after propranolol. However, in both periods 
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TABLE Ill 


Variations in Hemodynamic Responses to Symptom-Limited Maximal Exercise Before and After Treatment with 40 mg of 


Propranolol (mean + SD) 
BONN OW I aye tN OR he ae ee o onore pn ari eit it at 
VO; Rel VO; HR CaO, 


Normal Subjects {no. = 3) 


171-2 17 20. 
139 + 22 1 
—-92 t7 - 


2561 + 468 
2298 + 466 
—263 + 31 as 


wi cmm oc remnants ddl. dusk. ae ME 1,0 i eet gnats ee PO E E 
Before 1925 + 265 9715 1518 20.3 + 1.1 5.14 1.3 1523-38 
After 1887 + 97 97 19 129 + 19 19.7 + 1.3 4.0 t 1.6 158 + 13 
Diff —39 + 27 0+ 12 —23 + 15 —0.6 + 0.5 1130.0 G7 
P NS NS <0.01 <0.05 <0.01 NS 

! n GER rr t PP E S A45 dl ey cdi S S E a A 

Patients With CHD, LVI 2 15% (no. = 7) 

Ce moe poo e RR ne OE TI 453a ob do italics ahis bé neh hinge) | AS eS ee de LEE ae ee. 3^ eR CUR N 
Before 1340 + 648 86 + 12 130 + 14 20.9 + 1.4 4.7+3.7 162 + 22 
After 1581 + 604 100 + 21 116 + 16 20.8 + 1.5 3.7 + 1.0 171 3: 17 
Diff 241 + 201 144 21 —14+ 10 —0.1 X 0.4 TO 3- 1:3 9+ 16 

S NS 


P «0.05 


* Number too small to obtain P value. 
CHD = coronary heart disease; LVI = left ventricular impairment; other abbreviations as in Table ll. 


=— = es ee IMEEM a a MENGE CM (CM MMC MM C MMC OC 
Q SV Baa Pol Flea Pa. PRP X 10-2? 


NS «0.01 N 


—————————————————————— — ————— MM aaa 


Normal Subjects (no. — 3) 


-436 . 


Before 16.6 + 3.0 96 9 106 + 8 
After 14.7+ 2.5 103 + 6 94+ 10 
Diff —1.9 + 0.5 TES —12 X 18 


26 3 528 = 141 128 + 25 181+ 8 
29 i 1 508 = 73 157 + 31 132 + 33 
342 —20 + 70 29 £13 —49 + 27 


Patients With CHD, LVI <15% (no. = 7) 


Before 12.7+ 1.6 84+ 10 120 + 14 33 + 12 764 = 107 210 + 84 181+ 17 
After 12.0 + 1.3 94 t 103 + 15 32 + 10 688 + 98 207 + 72 134 + 34 
Diff =O:7 = 4.7 10 + =—I7 31S —14 10 —76 + 80 —3 + 29 —47 + 27 
P NS <0.01 <0.02 NS <0.06 NS «0.01 
Patients With CHD, LVI 2 1596 (no. — 7) 
Before 8.4 t 3.3 65 + 23 112 418 29 t 7 1198 + 477 315 + 136 144 + 16 
After 9.2 + 3.0 78 + 10 104 + 13 26 + 11 990 + 323 254 + 138 119 + 12 
Diff 0.8 + 1.0 13 + 10 —B8.-Pb 12 "3 3- 11 —26 + 162 —61+ 136 -IA 
P NS <0.02 NS NS <0.06 NS <0.001 


of recovery mean pulmonary arterial pressure was 


. higher after propranolol in patients with left ventricular 


impairment of 15 percent or more, whereas it was lower 
in normal subjects and patients with left ventricular 
impairment of less than 15 percent. 

Variability in cardiac response to propranolol: 
Figure 3 shows paired comparisons at the same period 


. of time and work load of more than 100 observations of 


heart rate, cardiac output, stroke volume, mean arterial 


. pressure, arterial-mixed venous oxygen difference and 


pressure-rate product at rest and during exercise, before 
and 1 to 1 1/2 hours after 40 mg of propranolol orally in 
all patients with coronary heart disease and normal 
subjects. In each instance, the regression line is com- 
pared with the line of identity. The least variability or 
the highest correlation (r = +0.98) is observed in arte- 
rial-mixed venous oxygen difference. The correlations 
for the paired observations of cardiac output and heart 
rate are high (r = +0.96). However, considerable vari- 
ability is seen; for example, with an initial resting heart 
rate of 64 beats/min, the rate after treatment ranged 
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from 56 to 76 beats/min. Likewise, with an exercise 
heart rate of 124 beats/min the heart rate after treat- 
ment ranged from 90 to 120 beats/min. Contrary to the 
expected slowing of heart rate with beta adrenergic 
blockade, 12 of 22 resting values (36 percent) and 5 of 
74 of the exercise values after treatment (6.7 percent) 
were above the line of identity. Despite the spread of 
responses in systemic mean arterial blood pressure, the 
majority of observations after treatment with pro- 
pranolol showed a moderate decrease in pressure. 
Nevertheless, with a mean arterial pressure of 110 mm 
Hg before treatment, the response after treatment 
ranged from 70 to 112 mm Hg. Pressure-rate product 
was less variable than mean arterial pressure, but not 
as consistent as heart rate. 

The variability in stroke volume deserves special 
comment because of the tendency for stroke volume to 
decrease after propranolol in the resting state and to 
increase during exercise (Fig. 3). Correlations for ob- 
servations at rest and exercise are shown separately; the 
correlation is higher during exercise and the intercepts 


are significantly (P <0.001) different; however, the 
slopes at rest and during exercise are identical. It should 
be noted that the resting data include observations on 
both supine and sitting positions. 


Discussion 


Cardiac responses to upright exercise: The ex- 
perimental design of this study allows appraisal of the 
acute effects of oral propranolol in relation to a reduc- 
tion in left ventricular preload when the effect of gravity 
on the upright posture redistributes part of the blood 
volume from the intrathoracic capacitance veins to the 
dependent peripheral capacitance veins. Under these 
conditions, cardiac output and stroke volume diminish, 
whereas a significant negative chronotropic effect of the 
beta blocking agent is not elicited. The other aspect of 
the experimental design is the opportunity to profile the 
responses in the upright posture over most of the range 
of aerobic demand. It should be remembered that al- 
ternating contractions of the flexor and extensor mus- 
cles of the legs induced by walking compress the de- 
pendent capacitance veins and restore intrathoracic 
blood volume and left ventricular preload. Concomi- 
tantly, exercise increases myocardial contractility, heart 
rate and systolic pressure. With augmentation of pre- 
load and contractility, stroke volume increases above 
the resting supine level, then reaches a plateau as left 
ventricular afterload increases impedance to ventricular 
ejection. Myocardial oxygen demand increases together 
with coronary blood flow and induces even greater ex- 
traction of oxygen from the available blood flow to meet 
these requirements. In the presence of coronary vascular 
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FIGURE 2. Changes in pressure-rate 
product (Ps, X HR X 10^?) and arterial- 
mixed venous oxygen difference (AVO.D) 
before and after propranolol at six obser- 
vation periods in the three normal subjects 
and the two groups of patients with coro- 
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RESPONSES TO SYMPTOM-LIMITED MAXIMAL EXERCISE 
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FIGURE 1. Changes in maximal oxygen uptake (VO3), pressure-rate 
product (Psa X HR X 107°) and arterial-mixed venous oxygen difference 
(AVO2D) before and after propranolol at symptom-limited maximal 
exercise in the three normal subjects and the two groups of patients 
with coronary heart disease (CHD). LVI = left ventricular impairment; 
n = number of patients; p = probability; SD = standard deviation. 
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FIGURE 3. Observations before and after propranolol for heart rate (HR), stroke volume (SV), cardiac output (Q), mean arterial pressure (Psa), 
pressure-rate product (Psa X HR X 10^?) and arterial-mixed venous oxygen difference (AVO-D) plotted for all subjects both at rest (open circles) 
and during exercise (closed circles). Regression lines are shown for these observations. n — number of observations; r — correlation coeffi- 


cient. 


disease the supply is restricted out of proportion to 
hemodynamic demand, and the electrocardiogram often 
shows S- T segment depression indicative of subendo- 
cardial ischemia.? 

Effects of propranolol: The acute effect of pro- 
pranolol during both levels of exercise in this study was 

. primarily a result of beta adrenergic blockade with 
slowing of the heart rate and the expected decrease in 
pressure-rate product and in myocardial oxygen con- 
sumption.!? There was a modest but significant aug- 
mentation of stroke volume. In patients with left ven- 
tricular impairment of less than 15 percent this aug- 
mentation appeared to be related to slowing of heart 
rate, whereas in patients with left ventricular impair- 
ment of 15 percent or more this change resulted from 

. 8 decrease in systemic arterial pressure and a slowing 

. of heart rate. Accordingly, maximal oxygen uptake was 
increased (P «0.05). 

Propranolol effects in relation to left ventricular 
functional impairment: Comparison of responses in 
normal subjects and in two groups of patients with 
coronary heart disease grouped according to absence or 
presence of appreciable left ventricular impairment 
revealed an interesting gradient in physiologic responses 
to upright posture and to near maximal exercise. Fur- 
thermore, it showed that the acute effects of the same 
dose of propranolol are not uniform. There is addi- 
tionally individual variability in serum levels of pro- 


pranolol, particularly after a single oral dose because of 
variation in pharmacokinetics.'? 

The possibility that these changes might vary with 
the clinical classification of cardiac disease, or with 
changes in functional aerobic capacity in response to 
propranolol, was considered. Inasmuch as 12 patients 
had the clinical syndrome of angina pectoris but only 
two had prior myocardial infarction, there were insuf- 
ficient cases of the latter to justify this subgrouping. 
Separation of patients in relation to functional aerobic 
impairment greater or less than 20 percent showed no 
significant differences. This finding suggests that 
compensatory changes in peripheral extraction or ar- 
terial-mixed venous oxygen difference obscured some 
of the cardiac effects. 

'The most consistent effect of propranolol was a re- 
duction of the pressure-rate product, which is highly 
correlated with myocardial oxygen requirement even 
in the presence of treatment with propranolol.!? Be- 
cause propranolol was relatively more effective (with 
respect to percent change) in lowering pressure-rate 
product in patients with coronary heart disease with 
minimal left ventricular impairment (that is, less than 
15 percent) than in those with moderate impairment, 
this difference may reflect a quantitative difference in 
compensatory beta adrenergic activity. A secondary 
effect of propranolol is further widening of the arte- 
rial-mixed venous oxygen difference to maintain oxygen 


- 138, July 1979 The American Journal of CARDIOLOGY Volume 44 


intake whenever cardiac output is lowered at any given 
work load. This is achieved primarily by reducing ve- 
nous oxygen content as a result of greater peripheral 
extraction of oxygen from a slightly reduced peripheral 
blood flow. Without this compensatory mechanism, the 
patients would be functionally more limited than they 
are. The mechanism of this compensatory widening of 
the arterial-mixed venous oxygen difference is opposite 
to that induced by physical training, which increases 
arterial oxygen content (Fig. 4).!4 The difference is both 
qualitative with respect to mechanisms and quantitative 
in relation to amount of change at matched work loads 
because there is much less increase in maximal oxygen 
uptake after propranolol. 

In nearly one half of the patients, and in all the nor- 
mal subjects, functional aerobic capacity was reduced 
by propranolol. In contrast, sublingual nitroglycerin 
increases both heart rate and maximal oxygen intake 
in patients with coronary disease whether or not they 
experience angina. These changes are not observed in 
healthy men.!° However, the pressure-rate product at 
maximal exercise increases with nitroglycerin only in 
patients with angina.!? It should be noted that symp- 
tomatic benefit of either medical treatment or physical 
training is the result of a reduction in the relative aer- 
obic demand (that is, percent of a subject's maximal 
oxygen intake) and cardiac responses to a given aerobic 
demand, exemplified by the pressure-rate product. The 
latter is lowered out of proportion to any decrease in 
maximal oxygen intake caused by propranolol, or by an 
increase in maximal oxygen intake caused by either 
nitroglycerin or physical training. In contrast, only ef- 
fective aortocoronary bypass surgery increases coronary 
supply of oxygen and cardiac capacity directly and 
significantly.!6.17 

In this study we evaluated the effect of only a single 
oral dose of propranolol. Thus, some of the acute effects 
we observed may not be present during long-term ad- 
ministration of the drug. For example, a slowing of 
resting heart rate is frequently reported with chronic 
administration of propranolol.??^ Because serum pro- 
pranolol levels were not estimated the degree of beta 
blockade cannot be assessed; nevertheless, the signifi- 
cant changes observed during exercise clearly indicate 
that the dosage was effective. 

Comparison with previous studies: In contrast to 
the present study, sustained treatment for 1 month with 
another cardioselective beta blocking agent,!^ atenolol, 
revealed no reduction in the maximal physical working 
capacity of 31 patients with high blood pressure. 
Whereas maximal heart rate was reduced 34 percent, 
stroke volume was enhanced 31 percent and direct Fick 
cardiac index was lowered by only 14 percent. Arte- 
rial-mixed venous oxygen difference increased 8 percent 
during maximal exercise, mean brachial arterial pres- 
sure decreased 14.5 percent but, also in contrast to the 
present study, pulmonary arterial pressure increased 
20 percent. The compensatory enhancement of stroke 
volume was attributed to increased left ventricular 
preload interacting with decreased impedance. 
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FIGURE 4. Effects of training versus the effects of treatment with 
propranolol on arterial-mixed venous oxygen difference. Probability 
(p) values were obtained by using all observations in the "before" and 
“after” periods. n = number of subjects; Q = cardiac output; VO. = 
maximal oxygen uptake. Training data are from Detry et al.'* by per- 
mission of the American Heart Association, Inc. 


The short-term findings in our study are comparable 
with the hemodynamic findings in hypertensive pa- 
tients except that left ventricular preload probably is 
diminished rather than elevated in association with a 
reduction in pulmonary arterial pressure in patients 
with coronary heart disease. Furthermore, the amount 
of change in left ventricular function varies with the 
severity of coronary vascular disease, as reflected by the 
magnitude of left ventricular functional impairment at 
maximal exercise. 

The changes in stroke volume measured after pro- 
pranolol with the patient supine possibly reflect a direct 
effect of the drug on the myocardium. There was a de- 
crease in cardiac output with only a minor change in 
heart rate. The decrease in cardiac output and stroke 
volume was more marked in patients with coronary 
heart disease who had left ventricular impairment 
greater than 15 percent. Other investigators!?-?? have 
shown that acute administration of intravenous pro- 
pranolol worsens segmental wall abnormalities. During 
exercise, when sympathetic tone and circulating cate- 
cholamines increase, the negative ionotropic effect of 
propranolol on the myocardium is less apparent and the 
slowing of the heart rate allowing greater diastolic filling 
is the major factor accounting for the increase in stroke 
volume. 

Implications: Our study supports the view that a 
reduction in pressure-rate product is the major mech- 
anism by which propranolol enhances the exercise ca- 
pacity of patients with coronary heart disease. The data 
highlight the need to evaluate drugs under various 
physiologic conditions to establish the mechanism of 
their hemodynamic effects. 


1 
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References 


. Epstein SE, Braunwald E: Beta-adrenergic receptor blocking drugs. 
Mechanism of action and clinical applications. N Engl J Med 
275:1106-1112, 1966 

. Amsterdam ED, Gorlin R, Wolfson S: Evaluation of long term use 
of propranolol in angina pectoris. JAMA 210:103—106, 1969 

. Goldbarg AN, Moran JF, Butterfield TK, Nemickas R, Bermudez 
GA: Therapy of angina pectoris with propranolol and long acting 
nitrates. Circulation 40:847—853, 1969 

. Epstein SE, Robinson BF, Kahler RL: Effect of beta-adrenergic 
blockade on the cardiac responses to maximal and submaximal 
exercise in man. J Clin Invest 44:1745-1753, 1965 

. Gianelly RE, Goldman RH, Treister B, Harrison DC: Propranolol 
in patients with angina pectoris. Ann Intern Med 67:1216- 1225, 
1967 

. Cumming GR, Carr W: Hemodynamic response to exercise after 
propranolol in normal subjects. Can J Physiol Pharm 44:465-474, 
1966 

. Parker JO, West RO, DiGeorgi S: Hemodynamic effects of pro- 
pranolo! in coronary heart disease. Am J Cardiol 21:11-19, 
1968 

. Hossack KF, Bruce RA, Kusumi F: Exertional electrocardiographic 
changes with propranolol. In preparation 

. Bruce RA, Kusumi F, Hosmer D: Maximal oxygen intake and 
nomographic assessment of functional aerobic impairment in 
cardiovascular disease. Am Heart J 85:546-562, 1973 

. Kusumi F, Butts WC, Ruff WL: Superior analytical performance 
by electrolytic cell analysis. J Appl Physiol 35:299-300, 1973 

. Bruce RA, Fisher LD, Cooper MN, Gey GO: Separation of effects 
of cardiovascular disease and age on ventricular function with 
maximal exercise. Am J Cardiol 34:757—763, 1974 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


Jorgensen CR, Wang K, Wang Y, Gobel FL, Nelson RR, Tayl 
H: Effects of propranolol on myocardial oxygen consumption ai 
its hemodynamic correlates during upright exercise. Circulatic 
48:1173-1182, 1973 

Shand DG, Nachollo EM, Oates JA: Plasma propranolol levels 
adults, with observations in children. Clin Pharm Therap 1 
112-120, 1970 : 
Detry JM, Rousseau M, Vandenbrouche G, Kusumi F, Brasse 
LA, Bruce RA: Increased arterio-venous oxygen difference aft 
physical training in coronary heart disease. Circulation 44: 109-11 
1971 

Detry JM, Bruce RA: Effects of nitroglycerin on "maximal" oxygt 
intake and exercise electrocardiogram in coronary heart diseas 
Circulation 43:155—163, 1971 

Gey GO, Rudd T, Bruce RA: Improvement in exertional left ve 
tricular dysfunction after revascularization. Br Heart J 38:110" 
1104, 1976 

Miller DW, Bruce RA, Dodge HT: Physiologic improvement fc 
lowing coronary artery bypass surgery. Circulation 57:831-83 
1978 

Reybrauch T, Amery A, Billiet L: Hemodynamic response to gradi 
exercise after chronic beta-adrenergic blockade. J Appl Physi 
42:133- 138, 1977 

Coltart DJ, Alderman EL, Robinson SC, Harrison DC: Effects 
propranolol on left ventricular function segmental wall motion, ai 
diastolic pressure-volume relation in man. Br Heart J 37:357-36 
1975 

Ludbrook O, Karliner JS, Kostuk W, O'Rourke RA: Effects of i 
travenously administered propranolol on wall motion abnormalitie 
Am J Cardiol 31:7 12-717, 1973 


CS Se, cm 


——=— 


iia a ae 


Dg SS St a oaie. 


. 140 July 1879 The American Journal of CARDIOLOGY Volume 44 
Et 


(eM @isis 


LIU eenvelesecnec 


$3 
at EE i 
s as & 
E 


E iss e 
j e 


f, 
V 


A 


Maintenance IV Infusion 
following Direct IV or Initial IV 


Infusion Oral Administration 
(2-6 mg/min )** On g/kg/day in 
"Administer diluted in 5% Dextrose diwfded doses at 

Injection USP. Closely monitor flow our intervals 

rate; monitor electrocardiographically; 

measure blood pressure almost 

continuously. 


Pause 
3-4 hours 
before beginning 


Direct IV Injection oral therapy 


25-50 mg/min)* 100mg every 5 
minutes until arrhythmia abolished 
or maximum of 1000 mĝadministered 


or Initial IV Infusion 
500-600 mg total at a constant rate* 
for 25-30 minutes 


Administer diluted in 5% Dextrose 
Injection USP; monitor electrócar - 
diographically; measure bloodpressure 
before each direct IV dose and almost 
ontinuously during IV infusion. Rate 
otto exceed 50 mgin anyone 4 
inute for direct IV injection 


rom IV 


an effective alternative to 
idocaine—an alternate drug 
o lidocaine for treatment of 
PVCs is procainamide, given 
parenterally. When the rhythm 

as stabilized, IV treatment 
s gradually replaced by oral 
administration of procaina- 

ide or quinidine! 

documented effectiveness 
n ventricular arrhythmias 


therapeutic continuity— 
injectable and oral are the 
same chemical entity, possess 
‘he same pharmacodynamics 


|. Ross AM: Primary Cardiology 
4:52-55, May 1978. 


to oral 


e unlike Norpace' 
(Disopyramide Phosphate). 
extensively used and studied 
in ventricular arrhythmias 
following acute MI 


e better tolerated than 


” quinidine in patients prone 


Conductwith 


Pronestųl 





to GI upset*** 

e compatibility information 
with other drugs that affect 
the cardiovascular system 
available 


e available in 3 tablet strengt 
for easier dosage adjustment 
up or down —in all patients 

e the only procainamide in 
veneer-coated, easy-to- 
swallow tablets 


***A syndrome resembling lupus 


erythematosus {without CNS or 
kidney involvement) has been 
reported with prolonged oral admin 
istration of procainamide. See 
boxed warning and precaution 


PRONESTYL* INJECTION 
Procainamide Hydrochloride Injection USP 


DESCRIPTION: Pronesty! Injection (Procainamide 
Hydrochloride Injection USP) is a sterile, aqueous 
solution providing 100 mg or 500 mg procainamide 
hydrochloride per ml. The 100 mg/ml potency 
contains 0.9% (w/v) benzyl alcohol and 0.09% 
socium bisulfite as preservatives. The 500 mg/ml 
potency contains 0.1% methylparaben and not 
more than 0.2% sodium bisulfite as preservatives. 


CONTRAINDICATIONS: In patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists; cross sensitivity to procaine and 
related drugs must be borne in mind. Should not 
be given to patients with complete atrioventricular 
heart block. Contraindicated in cases of high- 
degree A-V block unless an electrical pacemaker 
is operative. 


PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefully watched for in all 
patients. Im the presence of myocardial damage, 
procainamide may produce untoward responses. 
In atrial fibrillation or flutter, the ventricular rate 
may increase suddenly as the atrial rate is slowed; 
adequate digitalization reduces but does not 
abolish this danger. If myocardial damage exists, 
ventricular tachysystole is particularly hazardous. 
The dislodgment of mural thrombi producing an 
 embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
has occurred during an occlusive coronary episode 
or where the use of procainamide may result in 
additional depression of conduction and ventricular 
asystole or fibrillation as in A-V block, bundle 
branch block, or severe digitalis intoxication. 

Parenteral administration should be monitored 
electrocardiographically whenever practicable. 
Parentera! administration should be discontinued 
at once if eiectrocardiograms give evidence of im- 
pencing heart block. This complication should be 
kept in mind when treating ventricular arrhythmias 
(especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have complete heart block. Since 
asystole may result if the ventricular rate is signifi- 
cantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. 

In the presence of both liver anc kidney damage, 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has 
been reported with oral maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to 
this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus- 
like reaction appear; discontinue drug in event of 
rising titer or clinical symptoms of LE. Steroid 
therapy may be effective if discontinuation of pro- 
cainamide does not cause remission of symptoms. 
If the syndrome develops in a patient with recur- 
rent life-threatening arrhythmias not otherwise 
controllable, steroid-suppressive therapy may be 
used concomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide 
is a peripheral vasodilator, | V. administration may 
produce transient but at times severe hypotension 
particularly in conscious patients. |. M. injection is 
less likely to cause serious falls in blood pressure. 
Serious disturbances of cardiac rhythm such as 
ventricular asystole or fibrillation are also more 
common with LV. administration. 

A syndrome resembling lupus erythematosus 
has been reported in patients on oral maintenance 


therapy. Reactions consisting of fever and chills 
including a case with fever and chills plus nausea, 
vomiting, abdominal pain, acute hepatomegaly, 
and a rise in SGOT following single doses of the 
drug have been reportec. Bitter taste, diarrhea, 
weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions 
such as angioneurotic edema and maculopapular 
rash have been reported Agranulocytosis has 
been occasionally reported following repeated use 
of the drug, and deaths have occurred; therefore, 
routine blood counts are-advisable during main- 
tenance therapy. If soreness of mouth, throat 
or gums, unexplained fever or any symptoms of 
upper respiratory tract infection should occur and 
leukocyte counts indicate cellular depression, 
procainamide therapy should be discontinued and 
appropriate treatment should be instituted 
immediately. 

For full prescribing information, consult package 
insert. 
HOW SUPPLIED: Pronestyl Injection (Procaina- 
mide Hydrochloride Injection USP) is available in 
10 ml vials providing 100 mg procainamide hydro- 
chloride per ml and in 2 ml vials providing 500 mg 
procainamide hydrochloride per ml. 


PRONESTYL* TABLETS 

Procainamide Hydrochloride Tablets 
PRONESTYL* CAPSULES 
Procainamide Hydrochloride Capsules USP 


The prolonged administration of procainamide 
often leads to the development of a positive 
anti-nuclear antibody (ANA) test with or with- 
out symptoms of lupus erythematosus-like syn- 
drome. If a positive ANA titer develops, the 


benefit/risk ratio related to continued procain- 
amide therapy should be assessed. This may 
necessitate considerations of alternative anti- 
arrhythmic therapy. 





DESCRIPTION: Pronesty! (Procainamide Hydro- 
chloride) is the amide analogue of procaine 
hydrochloride and is available for oral adminis- 
tration as veneer-coated tablets and capsules 
providing 250 mg, 375 mg, and 500 mg procain- 
amide hydrochloride. 


CONTRAINDICATIONS: In patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists; bear in mind cross sensitivity to 
procaine and related drugs. Should not be given to 
patients with complete atrioventricular heart block. 
Contraindicated in cases of second degree and 
third degree A-V block unless an electrical pace- 
maker is operative. 


PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefully watched for in all 
patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate 
may increase suddenly as the atrial rate is slowed; 
adequate digitalization reduces but does not 
abolish this danger. Ventricular tachysystole is par- 
ticularly hazardous if myocardial damage exists. 


The dislodgment of mural thrombi producing an 
embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
has occurred during an occlusive coronary episode 
or where the use of procainamide may result in addi- 
tional depression of conduction and ventricular 
asystole or fibrillation as in second degree and 
third degree A-V block, bundle branch block, or 
severe digitalis intoxication. 

Bear in mind when treating ventricular arrhyth- 
mias in patients with severe organic heart disease 
and ventricular tachycardia that complete heart 
block, which may be difficuit to diagnose, may be 
present. Since asystole may result if the ventricular 


rate is significantly slowed without attainment of 
regular atrioventricular conduction, procainamic 
should be stopped and the patient re-evaluated. 

In the presence of both liver and kidney dan®a 
norma! dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus ! 
been reported with oral maintenance procainami 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may als 
occur. Rare cases of thrombocytopenia or Cooml 
positive hemolytic anemia, possibly related to 
this syndrome, have been reported. Measure an 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods c 
time or in whom symptoms suggestive of lupus- 
like reaction appear; in event of rising titer (anti- 
nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continuec 
procainamide therapy (see boxed Warning). Ster 
therapy may be effective if discontinuation of pri 
cainamide does not cause remission of symptorr 
If the syndrome develops in a patient with recurre 
life-threatening arrhythmias not otherwise con- 
trollable, steroid-suppressive therapy may be us 
concomitantly with procainamide. 


ADVERSE REACTIONS: Hypotension is rare wi 
oral administration. Serious disturbances of card 
rhythm such as ventricular asystole or fibrillatior 
are more common with I.V administration. 

Large oral doses may sometimes produce ano 
rexia, nausea, urticaria, and/or pruritus. 

A syndrome resembling lupus erythematosus F 
been reported in patients on oral maintenance 
therapy (see Precautions). Reactions consisting 
fever and chills have been reported, including a 
case with nausea, vomiting, abdominal pain, acu 
hepatomegaly, and a rise in serum glutamic oxali 
acetic transaminase following single doses of tht 
drug. Agranulocytosis has been occasionally 
reported following repeated use ofthe drug, and 
deaths have occurred. Therefore, routine blood 
counts are advisable during maintenance procai 
amide therapy; and the patient should be instruct 
to report any soreness of the mouth throat or gun 
unexplained fever or any symptoms of upper res 
ratory tract infection. If any of these symptoms 
should occur and leukocyte counts indicate cellu 
depression, procainamide therapy should be dis 
continued and appropriate treatment should be 
instituted immediately. Bitter taste, diarrhea, wes 
ness, mental depression, giddiness. psychosis w 
hallucinations, and hypersensitivity reactions s 
as angicneurotic edema and maculopapular ras 
have been reported. 

For full prescribing information, consult packa 
insert. 


HOW SUPPLIED: Pronesty! Tablets (Procainami 
Hydrochloride Tablets) and Pronestyl Capsules 
(Procainamide Hydrochloride Capsules USP) pr 
viding 250 mg, 375 mg, and 500 mg procainami 
hydrochloride are available in bottles of 100 and 
Unimatic* single-dose packaging ir cartons of 1 
The 250 mg and 500 mg tablets and capsules ar 
also available in bottles of 1000. 
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Cardiac Pacing 


3. VERSATILITY 











nterLith-RP The versatile response to changing 
ate requiremenis. 


InterLith-RP provides the versatility you need to 
spond to your patients’ heart pacing requirements, 
oth now and as they may change over time. Using the 
terLith-RP's uncomplicated Programming Wand and 
ogrammer, you can alter the stimulation rate of the 
acemaker to 51, 55, 60, 65, 72, 80, 90, 103 or 120 pulses per 
inute. 

This programming flexibility coupled with the 
perior reliability of CMOS circuitry and the longevity of 
proven lithium-iodine power source, enables you to 
spond to your patients' changing rate needs. Under 

ermedics' superior Patient Lifetime Replacement 
yreement, any InterLith-RP that fails during the 

itient's lifetime will be replaced at no charge with 
hother InterLith-RP or comparable state-of-the-art 
ermedics pulse generator. 

The InterLith-RP combines versatility with Intermedics 
rcemaker reliability to give you control and 
nfidence in your heart pacing decisions. 

Versatility isjust one important reason to put your 
nfidence in InterLith-RP 
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InterLith-RP 














4@ Intermedics Inc. 


prLith® is a registered trademark of Intermedics, Inc., Freeport, TX. Our business is life. 
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COUMADIN 


(CRYSTALLINE 
SODIUM WARFARIN USP) 


FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured—particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery. 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
CES.) 


The oral anticoagulant 


~ COUMADIN 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of LV. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN® a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


[n patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombin time and, therefore, response to 


COUMADIN® 





(CRYSTALLINE SODIUM WARFARIN USP) 


€ndo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 


Before prescribing, please see prescribing Garden City, N. Y. 11530 
information on following page 


COUMADIN® is an Endo registered U.S. trademark; 


U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


COUMADIN 
(CRYSTALLINE SODIUM WARFARIN’ 


DESCRIPTION COUMADIN® (crystalline sodium warfarin), a prothrombinopenic anticoagulant. is 
chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of sodium warfarin vir- 
tually eliminates trace impurities present in amorphous sodium warfarin, thus achieving a crystalline 
product of the highest purity. Warfarin” is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
ycoumarin. On a dose-for-dose basis, COUMADIN® (crystalline sodium warfarin) is therapeutically 
equivalent to amorphous sodium warfarin. 


ACTIONS COUMADIN * and other coumarin anticoagulants act by depressing synthesis in the liver of 
several factors which are known to be active in the coagulation mechanisms in a variety of diseases 
characterized by thromboembolic phenomena. The resultant in vivo effect is a sequer*ial depression of 
Factors Vil, IX. X and Il. The degree of depression is dependent upon the dosage administered. 
Anticoagulants have no direct effect on an established thrombus, nor do they reverse ischemic tissue 
Gamage. However, once a thrombosis has occurred, anticoagulant treatment aims to prevent further 
extension of the formed clot and prevents secondary thromboembolic complications which may result 
in serious and possible fatal sequelae. 


After oral administration, absorption is essentially complete, and maximal plasma concentrations are 
reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. COUMADIN * 
usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action may persist for 4 to 
5 days, thus producing a smooth, long lasting response curve. Little is known of the metabolic 
pathways involved in the biotransformation of oral anticoagulants in man. However, their metabolites 
appear to be eliminated principally in the urine 


INDICATIONS Based on a review of this drug by the National Academy of Sciences—National 
Research Council and/or other information. FDA has classified the indications as follows: 


Effective: COUMADIN® is indicated for the prophylaxis and treatment of venous thrombosis 
and its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and 
treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


"Possibly effective: as an adjunct in the treatment of transient cerebral ischemic attacks 
Final classification of the less-than-effective indication requires further investigation 










CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition 
^ erede circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
nefits. such as: 


Pregnancy — COUMADIN * (crystalline sodium warfarin) is contraindicated in pregnancy because the 
drug passes through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
thermore, there have been reports of birth malformations in children born to mothers who have been 
traated with warfarin during pregnancy. Women of childbearing potential who are candidates for 
anticoagulant therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes pregnant while taking this drug. she should be apprised of the potential 
ied to m fetus, and the possibility of termination of the pregnancy should be discussed in light of 
those risks. 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated sony of: (1) centra! nervous 
System: (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies asso- 
ciated with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory 
tracts; (2) cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericarditis and 
pericardial effusions; (5) subacute bacterial endocarditis. Threatened abortion, eclampsia and pree- 
clampsia. Inadequate laboratory facilities or unsupervised senility, alcoholism, psychosis; or lack of 
patient cooperation. Spinal puncture and other diagnostic or therapeutic procedures with potential for 
uncontrollable bleeding. Miscellaneous: polyarthritis, vitamin C deficiency, major regional, lumbar 
block anesthesia and malignant hypertension. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2Y2 days; therefore its effects may 

become more pronounced as y ` maintenance doses overlap. It cannot be emphasized too strongly 

that treatment of each patient is a highly individualized matter. Dosage should be controlled by periodic 

determinations of prothrombin time or other suitable coagulation tests. Determinations of whole blood 

clotting and bleeding times are not effective measures for control of therapy. Heparin prolongs the one- 
stage prothrombin time. Therefore, to obtain a valid prothrombin time when heparin and COUMADIN * 

are given together, a period of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 

hours after the last subcutaneous dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condi- 
tion where added risk of hemorrhage is present. 


Acministration of anticoagulants in the following conditions will be based upon clinical judgment in 
which the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in 
untreated cases. The following may be associated with these increased risks: 

Lactation—coumarins may pass into the milk of mothers and cause a prothrombinopenic state in the 
sed infant. Prolonged dietary deficiency (cachexia, vitamin K). Severe to moderate hepatic or 
renal insufficiency. Infectious diseases or disturbances of intestinal flora-sprue, antibiotic therapy. 
Trauma which may result in internal ger Surgery or trauma resulting in large exposed raw sur- 
faces. Indwelling catheters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, 
vasculitis, severe diabetes, menometrorrhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN®, thereby requiring 
more frequent laboratory monitoring, and reduced doses of COUMADIN °. 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over 
three to four weeks. 


PREEMUTIONS Periodic determination of prothrombin time or other suitable coagulation test is 
essential. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
stete and medication may influence response of the patient to anticoagulants. It is generally good 
practice to monitor the patient's response with additional! prothrombin time determinations in the 
poros immediately after discharge from the hospital, and whenever other medications are initia- 

, discontinued or taken haphazardly. The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
temperature; hepatic disorders-infectious nepatitis, jaundice; poor nutritional state; vitamin K defi- 
ciency- steatorrhea. 


EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; bro- 
melains; chloral hydratet; chlorpropamide, chymotrypsin; cinchophen; clofibrate. COUMADIN * over- 
dosage; dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting 
blood elements; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; 
mefenamic acid; methyldopa; methylphenidate; metronidazole; monoamine oxidase inhibitors; nalidixic 
acid; oxolinic acid; oxyphenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; pro- 
longed narcotics; quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
drugs; tolbutamide; triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
determinations. 
tincreased and decreased prothrombin time responses have been reported. 
The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 
ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperli- 
pemia; hypothyroidism. 

"Present as crystalline sodium warfarin isopropanol clathrate. 
L sed by Wisconsin Alumni Research Foundation. 


U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
COUMADIN * is an Endo Registered U.S. Trademark. 


EXOGENOUS FACTORS: Adrenocortical steroids; alcohc!t; antacids; antihistamines; barbiturates; 
chloral hydratet; chlordiazepoxide; cholestyramine; COUMADIN * underdosage; diet high in vitamin K 
(vegetables, fish. fish oil, anions): diureticst; ethchlorvynol; glutethimide; griseofulvin; haloperidol: 
meprobamate. oral contraceptives; paraldehyde. primidcne; rifampin: unreliable prothrombin time 
determinations; vitamin C. 


Tfincreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and Bme 
decrease his sensitivity to COUMADIN". Because the net effect on his prothrombin time response may 
be unpredictable under these circumstances, more frequen: laboratory monitoring is advisable. 


Drugs not yet shown to interact or net to interact with coumarins are best regarded with suspicion, and 
Man bi administration is started or stopped, the prothrombin time should be determined more often 
than usual. 


a 
Coumarins also affect the action of other drugs. Hypog'ycemic agents (chlorpropamide and tolbu- 
tamide and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a 
result ef interference with either their metabolism or excretion. 


* 
ADVERSE REACTIONS Potential sideeffects of COUMADIN® (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ-wnich is an extension of the physiologic activ- 
ity of prothrombinopenia. The signs and symptoms will vary according to the location and degree or 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagnosis. 
Bleeding Spb anticoagulant therapy does not always correlate with prothrombin activity. (See TREAT- 
MENT FOR OVERDOSAGE. ) 


Bleeding which occurs when the prothrombin time is withia the therapeutic range warrants diagnostic 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, 
fever, nausea, diarrhea, abdominal eramping, a syndrome called "purple toes,’ hypersensitivity reac- 
tions and an extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation 
or clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding 
such extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with 
minimal complications can best be achieved in cooperative and well-instructed patients, who keep the 
doctor P of their status between visits. COUMADIN = patient aids are available to physicians on 
reques 


The administration and dosage of COUMADIN ë must be individualized for each patient according to the 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 
reflects the depression of vitamin K dependent Factors VII. X and II. These factors, in addition to Factor 
IX. are affected by coumarin anticoagulants. There are several modifications of the Quick one-stage 
ili) time and the physician should become familiar with the specific method used in his 
aboratory. 


Administration of COUMADIN * should be gauged according to prothrombin time determinations by a 
suitable method The blood prcthrombin time should usually be determined daily after the administra- 
tion of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time determinations shoutd be based upon the physician s judgment 
of the patient's reliability and response to warfarin in order to maintain the individual within the thera- 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within the 
range of one to tour weeks. Satisfactory levels for maintenance of therapeutic prothrombinopenia are 
1% to 2*2 times the normal prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 


Induction-40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intramuscularly. 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of 
dosage 's provided by breaking scored tablets in half. The individua! dose and interval should be gauged 
by the patient's prothrombin response. 


Duration of therapy- The duration of therapy in each patient should be individualized. In general, 
anticoagulant therapy should be contirued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgery- The management cf patients who undergo dental and surgical 
procedures requires close liaison between attending physiciens, surgeons and dentists. Interruption of 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are main 
teined a! full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagu 
lants prior to, during, or immediately following dental or surgical procedures, it is recommended that 
the dosage of COUMADIN * be adjusted to maintain the prothrombin time at approximately 1!2 to 2 
times the control level. The operative site shculd be sufficiently limited to permit the effective use of 
local procedures for hemostasis including absorbable hemostatic agents, sutures, and pressure dress 
ings if necessary. Under these conditions dental and surgical procedures may be performed without 
undue risk of hemorrhage. 


COUMADIN * with Heparin- Since a delay intervenes between the administration of the initial dose and 
the therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency 
to administer sodium heparin initially along with COUMADIN *. The initial dose of heparin and injectable 
COUMADIN" may be administered together in the same syringe. It should be noted that heparin may 
affect the prothrombin time, and therefore, when patients are receiving both heparin and COUMADIN * , 
the blood sample for prothrombin time determination should be drawn just prior to the next heparin 
dosage. and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last 
subcutaneous injection. 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily 
controlled by discontinuing COUMADIN * (crystalline sodium warfarin), and if necessary, the oral or 
parenteral administration of vitamin Kı The appearance of microscopic hematuria, excessive menstrual 
bleeding. melena. petechiae er oozing from nicks made while shaving are early manifestations of 
hypoprothrombinemia beyond a safe and satisfactory level. 


In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of 
COUMADIN * may suffice; and if necessary, small doses of vitamin K: orally, 2.5 to 10 mg, will usually 
correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be 
given parenterally (Please note recommendations accompanying vitamin K preparations prior to use.) 
Fresh whole blooc transfusions should be considered in cases of severe bleeding or prothrombinopeni 
states unresponsive to vitamin Ky. 

Resumption of COUMADIN * administration reverses the effect of vitamin K;, and a therapeuti 
hypoprothrombinemia level can be obtained. 

SUPPLIED Tablets: COUMADIN * (crystalline sodium warfarin). For oral use, single scored, imprinte 
numerically with potency as follows: 2 mg lavender, 22 mg orange, 5 mg peach, 742 mg yellow, 1 
mg white, 25 mg red. In bottles cf 100 and 1000. Also available in Hospital Unit-Dose blister package o 






























Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenou 
or intramuscular use in a box cf 5 units for use immediately after reconstitution. 50 mg: Unit consis 
of 1 vial, 50 mg; sodium chloride, 10 mg; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide 
accompanied by a 2 ml ampul Sterile Water for Injection. 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable fo 
intravascular injection without 'irst having been made approximately isotonic by the addition of a sui 
abie solute. Use only for reconstitution of the lyophilized product. 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc ) 
Garden City. N. Y. 11530 
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Why your hospital needs a | 
defibrillator on every floor. 


All hospital elevators are notoriously slow. And 

with good reason, because in a hospital, the elevators 
are really freight elevators to move people and 
patients, equipment and supplies. 

But when a life is ticking away, you cant afford to 
be waiting for the elevator. Will it come straight down? 
Or will it stop on another floor to pick up a patient 
on a gurney or to move on a food cart or to pick up 
linen or to transport visitors? Who knows? All you 
really know is that a life is ticking away and you re 
waiting for the elevator. 

Considering what's at stake, and considering the 
relatively low cost of defibrillators, your hospital 
cant possibly make a wiser investment than installing 
an emergency cart on every floor. A Physio-Control 
emergency cart. Topped by a Physio-Control 
Lifepak 6 defibrillator/monitor. Then you re pro- 
tected. And so are your people. And so are 
your patients. 

The time to do it is now. 





Only Physio-Control 
makes the Lifepak’ 


Lifepak and Physio-Control are registered trademarks of Physio-Control Corporation. World leader in acute cardiac care systems 
11811 Willows Road. Redmond, Washington 98052/(206) 883-1181/Telex: 32-0166 Cable: PHYSIC/RED 





One of Holland’ 
greatest doctors 


probably brought flowers 
to his patients. 


Herman Boerhaave was world-renowned for his innovations in medicine and botany. 
A man whose botanic gardens are still a great attraction. In his medical teachings he 
was a pioneer of diagnostic techniques, and one of the first men to stress the impor- 
tance of the human aspect in patient care. 

As a pioneer in pacemaker technology, Vitatron Medical too has always 
emphasized the importance of the human aspect as a key to patient safety during 
follow-up. This is precisely the significance of our new VA 1000 non-invasive pace- 
maker system analyser. It incorporates the most current technology with simplicity. 

With the VA 1000 you can check the condition of the lead, battery, elec- 
tronics and the all important biological status at the electrode-heart interface. 

Our VA 1000 features semi-automatic threshold measurement with digital 
freeze for easy reading. Plus an oscilloscope connection, making photoanalysis 
possible and the ability to connect single or 
triple channel ECG recorders. 

For technical specifications on the 
VA 1000 write Vitatron Medical B.V. Kanaal- 
weg 24, P.O. Box 76, 6950 AB Dieren, 

The Netherlands. In the United States: Vitatron 
Medical Inc., One Gateway Center, Newton, 
Massachusetts 02158. 
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6,000,000 fewer beats a yea 








Bec use of the w y Inderal . 


works, the anginal heart 
doesn't have to work so hard. 


Consider the anginal heart at stress: It works harder, faster. 

Needs more oxygen. Pumps harder, faster still. Strives for more 
oxygen— with pain. Anginal attack means more nitroglycerin. 
And that means faster heart rate. The cycle repeats. 











Consider Inderal: It reduces heart rate —therapeutieally —by some 12 
beats a minute.'*/20 fewer beats per hour. Some 6 million fewer beats 
per year That means less work for the anginal heart. Less oxygen 
demand by the myocardium. Fewer anginal attacks. Less need for 
sublingual nitroglycerin. More tolerance for exercise —and more 
freedom of action. 


Reduction in heart rate is modest: should not be cause for concern.’ 

The relatively low dosages required for angina prophylaxis (an average 
of 160 mg/day) produce few, if any, serious adverse reactions, which 

in any ease are readily recognized and controlled. 


With proper patient selection —in the absence of bronchial asthma, 
sinus bradycardia, or heart block greater than first degree—risk of 
precipitating cardiac failure is extremely rare. And withdrawal prob- 
lems may be avoided by reducing dosage gradually —rather than 
abruptly.* 


Consider too: There is also a favorable redistribution of perfusion to 
the vulnerable subendocardium.* And, in patients who may still need 
nitroglycerin p.rn., INDERAL will cancel the undesirable increase 


in heart rate and contractility. 
Prescribe INDERAL with confidence. Effec- INDERAL 
tive. Reliable. For patients with moder- 
ate to severe angina in whom conven- (PROPRANOLOL HCI) 
ional measures have failed. TOD AY’S 40mg 80mg tabs. 
E ans eisiudingavothonce of aha ewin Arana, plene BENCHMARK 
onsult the prescribing information on the following page. 
‘ORANGINA 
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BRIEF SUMMARY 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal® BRAND OF 
PROPRANOLOL HYDROCHLORIDE 
A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS 
Beta recepto: blockade is useful in conditions in which, because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 


— drive which should be preserved. in the presence of AV block, beta blockade may prevent the 


necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support. 

Propranolc! may reduce the oxygen requirement of the heart at any given level of effort by 
blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction. On the other hand, propranolol may increase 
Oxygen requirements by increasing left ventricular fiber length, end diastolic pressure, and 
Systclic ejection period. ! 

_ Ifthe net physiologic effect of beta adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 
gen requirement. 


INDICATION 

Angina Pectaris Due to Coronary Atherosclerosis: The initial treatment of angina pectoris 
involves weight control, rest, cessation of smoking, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. INDERAL is indicated in selected patients with moderate 
to severe angina pectoris who have not responded to these conventional measures. 
Propranolol snould not be used in patients with angina which occurs only with considerable 
effort or with infrequent precipitating factors. 

INDERAL exerts both favorable and unfavorable effects, the preponderance of which may be 
. beneficial (See ACTIONS Section.) INDERAL should not be continued unless there is reduced 
| pain or increased work capacity. 

Because o! the potential for adverse results, treatment should be carefully monitored. The 
patient should also be reevaluated periodically since the dosage requirement and the need to 
continue INDERAL may be altered by clin.cal exacerbations or remissions. (See DOSAGE AND 
ADMINISTRATION.) 

Additional studies of the effects of INDERAL in angina pectoris patients are in progress to 
better evaluate and define the proper role of INDERAL in this condition. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) in patients on 
adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
. week withdrawal period from such drugs. 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and inhibiton with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure. 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(.e., that of supporting the strength of myocardial contractions). In patients already receiving 


digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's negative inotrop- 


ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium ever a period of time can, in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
response observed closely: a) if cardiac failure continues, despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled. patients should be maintained on combined therapy and the patient closely 
followed unti! 'hreat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS. there have been reports of exacerbation of angina 
and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
therapy Therefore, when discontinuance of INDERAL is planned the dosage should be 
gradually reduced and the patient carefully monitored. In addition, when INDERAL 
is prescribed for angina pectoris, the patient should be cautioned against interruption or 

X cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 


and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris. 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, 

who are given propranolol for other indications. 





IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
not been adequately appraised. Special consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroic function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 

«ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore. INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents. e.g.. isoproterenol or levarterenol. However, 
such patients may be subject to protracted severe hypotension. Difficulty in restarting and 
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maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.3., CHRONIC BRONCHITIS 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila: 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important toges! 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
Cipitous elevation of blood pressure. 

USE IN PREGNANCY: The:safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possibie risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em 
bryotoxic effects have been seen in anima! studies at doses about 10 times the maximum rec« 
ommended human dose. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug ma 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasionally 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycardii 
resulting in vertigo, syncopa! attacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired ren 
or hepatic function. 


ADVERSE REACTIONS 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypotension 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, lass 
tude, weakness, fatigue: reversible mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics i 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, ser- 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been conch 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart di: 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 

The dosage range for INDERAL is different for each indication. 
ORAL 

ANGINA PECTORIS—Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained, Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 ma per day have not been 
established. 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks. 
(See WARNINGS.) 


PEDIATRIC DOSAGE 
At this time the data on the. use of the drug in this age group are too limited to permit ade- 
quate directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING ME 
SURES SHOULD BE EMPLOYED: 

BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONS 
TO VAGAL BLOCKADE, ADMINISTER ISCPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE— DIGITALIZATION AND DIURETICS 

HYPOTENSION— VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 

TABLETS (propranolo! hydrochloride) 

No. 461 — Each scored table! contains 10 mg of propranolol hydrochloride, in bottles of 100 
1,000. Also in unit dose package of 100. 

Nc. 462 — Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 
1.000. Also in unit dose package of 100. 

Nc. 464 — Each scored tablet contains 40 mg of propranolol hydrochloride, in bottles of 100 
1,000. Also in unit dose package of 100. 

Nc. 468— Each scored tablet contains 80 mg of propranolol hydrochloride, in bottles of 100 
1,000. Also in unit dose package of 100. 


INJECTABLE 
Nc. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The p 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


References: 1. Dagenais, G.R., Pitt, B., and Ross, R.S.: Am. J. Cardiol. 28:10 (July) 1971. 
2. Ginn, W.M., and Orgain, E-S.: J A.M.A. 198:192 (Dec. 12) 1966. 3. Zeft, H.J., Patterson, S., 
and Orgain, E.S.: Arch. Intern. Med. 124:578 (Nov.) 1969. 4. Dunér. H., and Pernow, B. Acta 
Med. Scand 94:517 (Dec.) 1973. 5. Zsotér, T.T., and Beanlands, D S.: Arch. Intern. Med 
124584 (Nov.) 1969. 6. Wiener, L., Dwyer, E.M., and Cox, J.W.: Circulation. 39:623 (May) 1 
7. Shand, D.G.: Drug Therapy 8:53 (July) 1978. 8. Cohen, L.S., in Braunwald, E. (ed): Beta- 
Adrenergic Blockade, A New Era in Cardiovascular Medicine: Proceedings of an Internatio 
Symposium. New York, Excerpta Medica/Elsevier, 1978, pp. 143-151 
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Coronary Calcification in the Diagnosis of 
Coronary Artery Disease 


ROBERT D. RIFKIN, MD Clinical, postmortem and angiographic studies of coronary calcification 
ALFRED F. PARISI, MD, FACC are reviewed to define the value of fluoroscopy in the diagnosis and 
EDWARD FOLLAND, MD management of coronary artery disease. Autopsy studies consistently 


show a unique association between calcification of the coronary arteries 
and atherosclerosis. The relation of coronary calcification to the presence 
of major stenosis is more variable but is strong enough to be of clinical 
value, particularly in the younger subject. The diagnostic value of fluo- 
roscopy Can be improved by attention to the detailed features of calcifi- 
cation observed with the technique. Combined use of fluoroscopy and 
exercise testing appears to be a valid and as yet unexploited approach 
to the noninvasive diagnosis of coronary stenosis. Fluoroscopy has been 
a neglected method of noninvasive diagnosis and is sufficiently promising 
to warrant greater clinical use. 


West Roxbury, Massachusetts 


The extensive mortality and morbidity associated with ischemic heart 
disease in the United States have stimulated the search for noninvasive 
methods to assist the clinician in the diagnosis of coronary arterial ste- 
nosis. Although the fluoroscopic detection of coronary calcification has 
received much attention,!-!? fluoroscopy has been largely neglected by 
clinicians in evaluating patients with possible coronary disease. This 
neglect may be due in part to the high predictive values reported in early 
studies of exercise stress testing.!6-18 As further experience with stress 
electrocardiography has accumulated, major limitations in its predictive 
potential have emerged.!?:?? Recognition of the diagnostic limitations 
inherent in electrocardiographic exercise stress testing suggests that the 
fluoroscopic examination for calcification of the coronary arteries de- 
serves reevaluation. In this communication we review the diagnostic 
significance of coronary calcification with major emphasis on studies 
correlating the fluoroscopic examination with the angiographic ap- 
pearance of the coronary arteries. 

The likelihood ratio formulation of Bayes' theorem is used in this 
review to analyze data from studies comparing fluoroscopy with selective 
angiography. It has recently been shown that likelihood ratio analysis 
offers a convenient means of characterizing the diagnostic performance 
of a test.!? A synopsis of Bayesian analysis is presented in Appendix 1 
and 2. 


Autopsy Studies of Coronary Calcification 


Calcification in coronary atherosclerosis versus Monckeberg's 


From the Cardiology Departments, the Lemuel medial sclerosis: Postmortem histologic studies of excised coronary 
Shattuck Hospital, Jamaica Plain, Massachusetts 


MEI the United Staas Veterans Administration arteries have demonstrated that discrete deposits of coronary calcium 
Hospital, West Roxbury, Massachusetts. Manu- in adults are almost invariably located in areas of advanced athero- 
script received November 13, 1978; revised slcerotic disease.!-9!^ In contrast, in other small and medium-sized | 
ca ; pre January 31, 1979, accepted muscular arteries of the body, such as the iliac and femoral vessels, cal- 
. egi s : 

d 2 s for reprints: Robert D. Rifkin, MD, cification may develop as a result of Monckeberg's medial sclerosis. In- 
Lemuel Shattuck Hospital, 170 Morton Street, volvement of the coronary arteries by Monckeberg's medial sclerosis is 
Jamaica Plain, Massachusetts 02 130. exceedingly rare.!° 


July 1979 The American Journal of CARDIOLOGY Volume 44 La Ahr Y 


CORONARY CALCIFICATION—RIFKIN ET AL. 


The distinction between these two causes of vascular 
calcification is important because calcification in 
Monckeberg's medial sclerosis affects the media of the 
vessel exclusively and never results in luminal narrow- 
ing, whereas atherosclerosis involves the intima and 
often leads to compromise of the lumen.!^? Radio- 
graphically, it may be difficult to distinguish between 
vascular calcification related to Monckeberg's medial 
sclerosis and that associated with atherosclerosis, al- 
though differentiation can always be made histologi- 
cally. 

The original observation that discrete deposits of 
coronary calcium were uniquely associated with ath- 
erosclerosis was made in 1912 by Faber?! and later 
corroborated by Monckeberg.?? In reviewing coronary 
arterial calcification in 1961, Blankenhorn!” reported 
that a search of German and English studies from 1903 
to 1958 revealed no definite cases of Monckeberg’s 
medial sclerosis of the coronary arteries. To confirm the 
validity of this observation in a contemporary popula- 
tion, Blankenhorn!” studied at autopsy the coronary 
arteries of 89 hearts of Los Angeles residents. Micro- 
scopic examination of 3,500 coronary arterial segments 
disclosed that all calcific lesions were related to ath- 
erosclerosis. This relation was additionally confirmed 
in 2,567 subsequent autopsy cases.!-© However, a single 
‘exception was recently reported by Lachman et al.,?? 
who described the necropsy findings in a 41 year old 
woman with extensive media! sclerosis of Monckeberg; 
small deposits of calcium in the media of the left ante- 
rior descending coronary artery and its diagonal 
branches were not associated with atherosclerotic le- 
sions in this patient. 

Calcification of atherosclerotic plaques: Discrete 
deposits of calcium in the coronary arteries are most 
often found in “complicated” atherosclerotic plaques 
where some necrosis and hemorrhage have occurred.!° 
However, McCarthy and Palmer* reported that small 
deposits may occasionally be observed in fibromuscular 
plaques close to the internal lamina in the absence of 
necrosis; these were associated with minimal luminal 
narrowing. Large deposits (greater than 0.5 cm) were 
accompanied by necrotic atherosclerotic changes and 
considerable deposition of lipid and cholesterol. Lu- 
minal narrowing of 70 percent or more was more fre- 
quently found with these lesions. 

Distribution of coronary calcification: This dis- 
tribution was similar in all reported autopsy series. The 
left anterior descending coronary artery was the most 
frequently and most heavily calcified of the three major 
coronary vessels.*? Calcification was most commonly 
seen in the proximal 4 cm of the coronary arteries.?:4^9 
Eggen et al.? noted that the peak density of calcification 
occurred between 2 and 4 cm from the origin of both the 
right coronary artery and the left anterior descending 
coronary artery. However, calcification was distributed 
in a more uniform manner along the length of the right 
coronary artery. 

Coronary calcification and ischemic heart dis- 
ease: There was agreement among investigators re- 
garding the relation of calcification to ischemic heart 
disease. The prevalence of coronary calcification was 
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greater in subjects with evidence of atherosclerotic heart 
disease at autopsy than among control subjects, but this 
difference was less pronounced in the elderly. As evi- 
dence of ischemic disease, Beadenkopf et al.! used the 
presence of myocardial infarction at necropsy, whereas 
Eggen et al.? used the cause of death (atherosclerotic 
versus accidental). Calcification was so common atau- 
topsy in the older subjects studied by Eggen et al. that 
it was necessary to quantitate the extent of calcification, 
in terms of percent vessel surface area calcified, to ob- 
serve a difference between the accidental and athero- 
sclerotic deaths in the elderly. 

Calcification, coronary stenosis and myocardial 
infarction: A direct relation between the extent of 
coronary calcification (measured as number of vessels 
ealcified! or percent surface area calcified? or by a 
scoring system”) and the severity of stenotic lesions or 
frequency of myocardial infarction was consistently 
observed in these autopsy series. Vessels without cal- 
cification at autopsy exhibited fewer stenoses than those 
with calcium.?*° Within the group showing calcifica- 
tion, the more extensively the vessels were calcified the 
more frequent and the more severe the degree of ste- 
nosis.” These relations were recognized in all age 
groups and both sexes, but were most marked in the 
vounger patients. 


Detection of Coronary Calcification in 
Living Patients 


Plain chest X-ray film and conventional fluo- 
roscopy: These techniques are insensitive detectors of 
coronary calcium in the living subject and reveal calci- 
fication only when it is exceptionally heavy. Habbe and 
Wright?^ in 1950 identified calcification in only 3 per- 
cent of patients with heart disease over age 40 years on 
routine cardiac fluoroscopy. Image intensifier fluoros- 
copy resulted in a major improvement in the detection 
of coronary calcification. With use of this method, cor- 
onary calcification was noted in 15 percent of an unse- 
lected population? and in 54 percent of patients with 
symptoms of ischemic heart disease.!! 

Image intensifier fluoroscopy and cinefluorog- 
raphy: The most accurate method of detecting calcifi- 
cation is optical viewing of the image intensifier tube, 
followed closely by cinefluorography with high resolu- 
tion film.!! Television relay of the image intensifier tube 
is an effective but somewhat inferior technique. To- 
mography is inadequate because of cardiac motion.!! 

Image intensifier fluoroscopic systems currently in 
use allow detection of calcific deposits of 2 to 3 
mm.9.73.11 In the near future, commercially available 
image intensifiers may be capable of detecting calcium 
deposits as small as 1 mm in their largest diameter." 


Clinical Studies of Coronary Calcification 


Relation to severity of ischemic heart disease: 
Several clinical investigations found that the frequency 
of symptoms of ischemic heart disease was greater in 
subjects with coronary calcification than among those 
free of fluoroscopically detectable calcium.?-!? A direct 
relation between the number of vessels calcified and the 
prevalence of clinically evident ischemic heart disease 


was documented!?; moreover, ischemic heart disease 
was more common among subjects with severe calcifi- 
cation than among those with lesser degrees of calcifi- 
cation.5 T'hese results are consistent with the findings 
of autopsy studies. 

Clinical studies were also in accord with autopsy 
studies relating coronary calcification to age.8-!! A 
progressive increase in the prevalence of fluoroscopi- 
cally detectable calcification with increasing age has 
been noted in subjects with and without symptoms and 
signs of ischemic heart disease. 

Prognostic significance: One study regarding the 
prognostic significance of coronary calcification has 
been reported. Hudson and Walker’ screened 440 con- 
secutive patients referred for upper gastrointestinal 
tract X ray series with image intensifier fluoroscopy and 
identified 78 with coronary arterial calcification. The 
9 year survival rate did not differ significantly in this 
group and an age- and sex-matched control group of 75 
subjects who were also selected from the 440 screened 
patients but had no detectable coronary calcification. 
A serious defect in this study was the advanced age of 
the subjects. Eighty-five percent of both the calcifica- 
tion and control groups were over age 60 years and 39 
percent were over 70 years. Moreover, the mortality rate 
was 50 percent in both groups over the 5 year follow-up 
period (13 percent mortality/year). Among the control 
subjects under age 60 years, 2 of 11 (18 percent) died in 
the 5 year period (3.9 per cent annual mortality rate). 
These high mortality rates suggest that the study pop- 
ulation was not representative of most clinical groups. 
Because the investigators did not analyze their data 
according to cause of death it is not known whether the 
calcification and control groups differed with respect 
to mortality related to ischemic heart disease as such. 

Correlation with stress testing: In a recent study, 
Kelly et al.” correlated the results of fluoroscopy and 
exercise stress testing in 108 asymptomatic men. They 
found that ischemic electrocardiographic exercise re- 
sponses were 8.75 times more common in subjects with 
fluoroscopically detectable coronary calcification than 
in those free of calcification and, conversely, that cal- 
cification was 3.1 times more common in their subjects 
who exhibited a positive stress test. 


Coronary Angiographic Studies 


Calcification at fluoroscopy as a predictor of 
coronary stenosis: Despite considerable evidence from 
clinical and postmortem investigations suggesting the 
diagnostic value of detecting coronary calcification, only 
two studies!*!4 have correlated fluoroscopic with cor- 
onary arteriographic findings. The characteristics of 
these study populations are summarized in Table I, and 
likelihood ratios calculated from the data are shown in 
Tables II and III.* 

In their study of 500 patients, Hamby et al.!? found 
an overall sensitivity of 76 percent and a specificity of 


* In both studies, fluoroscopy was performed before arteriography. 
A fluoroscopic finding of calcification was considered a true positive 
result if the subject had a major stenosis in any vessel. It was not nec- 
essary that stenosis be present in the vessel with calcium or that ste- 
nosis be located at the site of the calcium deposit. 
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TABLE | 


Summary of Two Studies Comparing Fluoroscopically 
Detectable Coronary Calcification With Coronary 
Angiographic Findings 





Bartel et al.'4 


Patients (no.) 500 360 
Selection Consecutive Consecutive 


Hamby et al. 13 


catheterizations catheterizations 
Angiographic cri- At least one At least one 
terion for signifi- stenosis 250% stenosis 270% 
cant disease 
Prevalence of dis- 0.50 0.74 
ease in study pop- 
ulation 
Exclusions Aortic valve None stated 
disease 


78 percent associated with the finding of calcium, 
yielding a likelihood ratio for stenosis of only 3.52. 
However, likelihood ratios associated with calcification 
were higher in their younger subjects. In men less than 
age 50 years, calcification was associated with a likeli- 
hood ratio of 6, whereas among women in this age group 
the likelihood ratios exceeded 20. Figure 1 indicates that 
calcification in these men under age 50 is a moderate 
predictor of stenosis and among women under 50 years 
it is a strong predictor of major narrowing. Identification 
of coronary calcification in older patients is not as useful 
as in younger subjects since the likelihood ratios grad- 
ually approach 1 as age increases. 

The likelihood ratios and sensitivity levels in men 
under age 50 years are comparable with values associ- 
ated with a “positive” exercise test.!? In such men, flu- 
oroscopic detection of calcium can be as reliable in the 
diagnosis of coronary stenosis as the finding of a de- 
pressed S-T segment response to exercise. In women 
under age 50, both the likelihood ratio and the sensi- 
tivity of calcification exceed the values associated with 
a positive exercise stress test. However, the number of 
young women studied was small, and these findings 
remain to be confirmed. 

The absence of calcification was not useful in ex- 
cluding disease in the subjects studied by Hamby et al., 
except possibly in men over age 50, among whom the 
likelihood ratio associated with a negative fluoroscopic 
examination was equal to 0.26 (Table II). There were 
insufficient data to draw any conclusions regarding the 
absence of coronary calcification in women. 

The sensitivity associated with detectable calcifi- 
cation among the 360 patients studied by Bartel et al. '4 
was 56 percent whereas specificity was 95 percent, in- 
dicating a likelihood ratio of 11.20. The higher likelihood 
ratio suggests a greater diagnostic reliability associated 
with the finding of calcification than is indicated by 
Hamby's data. Although the results of these two studies 
appear to be inconsistent, they may merely reflect the 
tendency for sensitivity and specificity to vary inversely 
with changes in resolution or observer threshold.?9 The 
overall likelihood ratios might be in closer accord if the 
resolution of the fluoroscopic systems were identical. 
Thus a method is needed to document resolving power 
at the time of each fluoroscopic examination. 
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TABLE II 


Likelihood Ratios for at Least One Stenosis of 50 Percent or More Associated With the Presence or Absence of Coronary 


Calcification (according to the data of Hamby et al. '*) 





* Likelihood Ratios 
D/D* (no). Sensitivity! Specificity’ Calcium Present Calcium Absent 
All subjects 250/250 0.76 0.78 3.52 0.31 œ 
Men All ages 219/105 0.75 0.74 2.88 0.34 
30-39 yr 14/18 0.36 0.94 6.00 0.68 
40-49 yr 53/30 0.62 0.90 6.20 0.42 
50-59 yr 103/32 0.81 0.72 2.90 0.26 
60-69 yr 43/20 0.86 0.55 1.90 0.25 
270 yr 6/5 1.00 0.00 1.00 i i 
Women All ages 31/145 0.84 0.81 4.42 0.20 
30-39 yr 2/23 0.50 1.00 œ$ 0.50 
40-49 yr 4/38 1.00 0.95 20.00 0.00 
50-59 yr 14/52 0.79 0.81 4.16 0.26 
60-69 yr 9/27 1.00 0.59 2.44 0.00 
>70 yr 2/5 0.50 0.21 0.63 2.50 





* D = number of subjects with major stenosis; D = number of subjects without major stenosis. 
t Sensitivity = fraction of subjects with major stenosis who exhibited coronary calcification = true positive/(true positive + false negative). 
Specificity = fraction of subjects free of major stenosis who were free of calcification = true negative/(true negative + false positive). 


ł Numerator and denominator of likelihood ratio equal 0. 
5 Denominator of likelihood ratio equals zero. 


TABLE Ill 


Likelihood Ratios for at Least One Stenosis 2 70% 
Associated With Fluoroscopically Detectable Coronary 
Calcification (according to the data of Bartel et al.'*) 


Likelihood Ratios 








Sensi- Speci- Calcium Calcium 
tivity* ficity * Present Absent 
All study subjects, 0.56 0.95 11.20 0.46 
any detectable 
calcification 
Detectable calcifi- 
cation in: 
1 vessel 0.19 5.8 
2 vessels 0.20 9.4 
3 vessels 0.17 cot 


* See footnote, Table Il. 
t Denominator of likelihood ratio equals 0. 


Similar considerations may apply to the decrease 
in the value of the likelihood ratio associated with 
calcification among older subjects in the study of 
Hamby et al. (Table II). Their data indicate that the 
specificity of calcification diminishes with age whereas 
sensitivity is increased. In these older subjects a more 
detailed classification of calcification, based on its dis- 
tribution and density rather than simply on its presence 
or absence, may reveal subgroups in which specificity 
is improved and likelihood ratios are increased in ex- 
change for a lower sensitivity level. This possibility is 
supported by the observations of Bartel et al. (Table 
IIL), which show that the likelihood ratio associated with 
.coronary calcification increases with the number of 
vessels in which deposits can be identified. Autopsy data 
relating stenosis to degree of calcification provide ad- 
ditional supporting evidence. Thus, the diagnostic value 
of fluoroscopy in older subjects may not be accurately 
reflected by the likelihood ratios derived from the data 
available at this time. 
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Combined fluoroscopy and exercise testing as 
predictors of stenosis: Pending the results of further 
arteriographic studies relating stenosis to the severity 
and distribution of calcification, fluoroscopy can still 
be used effectively for diagnosis in middle-aged subjects 
in spite of only moderate likelihood ratios if it is used 
in conjunction with exercise stress testing. Fluoroscopy 
and exercise testing are complementary techniques for 
evaluating coronary artery disease because the finding 
of calcification provides anatomic evidence of athero- 
sclerosis whereas exercise-induced S-T depression 
suggests hemodynamic impairment to flow. 


PREDICTIVE VALUE 





0 0.2 0.4 0.6 0.8 1.0 


PRE-TEST RISK 


FIGURE 1. Family of curves showing the predictive value as a function 
of the pretest risk of disease or prevalence of disease in the population. 
Curves have been constructed for various values of the likelinood ratio, 
L, according to the likelihood ratio form of Bayes' theorem (see Ap- 
pendix 1). 


TABLE IV 
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Values of the Likelihood Ratio Associated With Various Classes of the S-T Segment Response to Exercise in Men With 


Detectable Coronary Calcification 





S-T Segment Response to Exercise (mm of horizontal or downsloping depression) 


21mm 1.0- 1.49 
Age (yr) LI Sent L Sen 
30-39 44.5 0.22 14.1 0.06 
40-49 46.0 0.39 14.6 0.11 
50-59 21.5 0.50 6.8 0.14 
60-69 14.1 0.54 4.5 0.15 


* Downsloping S-T segment with 1 mm or more J point depression. 


1.5-1.99 2.0-2.49 Downsloping S-T* 
Sen L Sen L Sen 
0.04 127.8 0.05 385.8 0.16 
0.07 132.2 0.08 398.7 0.28 
0.09 61.9 0.10 186.5 0.36 
0.10 40.5 0.11 122.2 0.39 


t L = likelihood ratio for the presence of at least one stenosis of 50 percent or greater associated with the finding of detectable coronary calcification 


and the indicated level of S-T depression. 


Sen = sensitivity: the fraction of subjects with at least one stenosis of 50 percent or greater who will exhibit both the indicated level of S-T 
depression and detectable coronary calcification. For two independent tests the sensitivity of a combined result is equal to the product of the individual 
test sensitivity levels (Appendix 2). Thus, coronary calcification and S-T depression of 1 mm or more in a 30 to 39 year old man has a sensitivity - 


level of about 0.61 X 0.36 — 0.22. 


Although arteriographic data for combinations of 
exercise stress testing and fluoroscopy have not been 
reported, a quantitative estimate of the diagnostic po- 
tential of this approach can be made by calculating the 
likelihood ratios for such combinations as the product 
of the likelihood ratios associated with the patient's 
exercise response and fluoroscopic result. Similarly, the 
sensitivity or specificity of a joint result is equal to the 
product of the sensitivity or specificity levels, respec- 
tively, of the test results that constitute the combination 
(Appendix 2). 

For example, the prevalence of disease in subjects 
with chest pain atypical of ischemia is between 0.23 and 
0.60.27 Ischemic S-T depression of 1.0 to 1.49 mm 
(likelihood ratio = 2.35)!? would increase risk to only 
0.41 to 0.78. However, if fluoroscopy revealed calcifi- 
cation, the probability of disease in a man aged 40 to 49 
years with this exercise response would reach 0.81 to 
0.95 (combined likelihood ratio of 2.35 X 6 = 14.1). 
Conversely, if less than 0.5 mm of S- T depression were 
found and no calcification were present in this same 
subject, the probability of disease would be reduced to 
0.03 to 0.15 (combined likelihood ratio of 0.12). 

Tables IV and V list the likelihood ratios and sen- 
sitivity levels associated with various combinations of 
S-T segment responses and fluoroscopic findings* and 
can be used in conjunction with Figure 1 to determine 
the probability of disease associated with any set of 
results when the pretest risk is known (Appendix 1). It 
is evident from these tables that combined use of fluo- 
roscopy and exercise stress testing may substantially 
enhance diagnostic reliability when test results are 
concordant (both test results associated with likelihood 
ratios greater than 1 or both associated with likelihood 
ratios less than 1). Discordant test results —for example, 
a positive exercise test and negative fluoroscopic re- 
sult—will be associated with intermediate values of the 
likelihood ratio and, with some exceptions, will not be 


* The data of Hamby et al.'* were used to calculate these combined 
likelihood ratios because they take into account age and sex variations, 
whereas the data of Bartel et al.'* do not. Values of the likelihood ratio 
for S-T depression were obtained from published data. '9 
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TABLE V 


Likelihood Ratios Associated With the Finding of a 
"Negative" Exercise Test and Absent Coronary 
Calcification in Men 


S-T Segment Response to 


Exercise (mm S-T depression) 


«1.0 «0.5 
Age (yr) L^ Specificity" L Specificity 
30-39 0.28 0.86 0.19 0.74 
40-49 0.17 0.82 0.12 0.71 
50-59 0.11 0.66 0.07 0.56 
60-69 0.10 0.50 0.07 0.43 


* Likelihood ratio (see Appendix 1 and 2). 

t Fraction of subjects free of 50 percent or greater narrowing who 
will exhibit both absent coronary calcification and the indicated S-T 
segment response to exercise. For two independent tests the specificity 
of a combined result is equal to the product of the individual specifici- 
ties. 


of significant diagnostic merit.* However, these limi- 
tations obtain in many clinical situations where multiple 
tests are used for diagnostic purposes. 


Clinical Implications 


Although calcification and stenosis are not synony- 
mous, autopsy studies indicate that coronary calcifi- 
cation always signifies the presence of atherosclerosis. 
Fluoroscopically detectable calcium is therefore not an 
innocent finding even in the absence of major arterial 
narrowing. In such patients there may be a greater risk 
for the development of obstruction in the future than 
in patients who are free of calcification. Risk factor in- 
tervention may be indicated in these cases in an effort 
to slow the atherosclerotic process in spite of a negative 
exercise test or coronary arteriogram. 

There are many unexplored facets to the fluoroscopic 
detection of coronary calcification and prospects for 
improving its diagnostic value appear to be reasonable. 


* Likelihood ratios for such mixed test results are not shown in the 
tables. Also, combined likelihood ratios have not been calculated for 
women because of insufficient data. 
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Fluoroscopy provides information not readily obtained 
by alternative noninvasive techniques because the ob- 
servations bear primarily on the atherosclerotic process 
with important secondary implications regarding cor- 
onary stenosis. Its execution is not dependent on a 
normal resting electrocardiogram or a patient’s ability 
to endure stress. Moreover, it is rapid and relatively safe 
and the necessary equipment is generally available in 
most community hospitals. These considerations 
suggest that fluoroscopic search for coronary calcifica- 
tion deserves wider clinical application and further in- 
vestigative study. 


APPENDIX 1 


The Likelihood Ratio Formulation of 
Bayes’ Theorem 

Accordimg to the likelihood ratio formulation of Bayes’ 
theorem: 
St SL PIN 
P+(1-P)/L’ 
where P is the prevalence of disease in the test population or 
the pretest risk of disease in an individual subject. L, the 


likelihood ratio, is given by the relative prevalence of the test 
result in subjects with or without disease: 


Predictive value = 


we sensitivity 
1 — specificity ' 

where sensitivity = true positives/(true positives + false 
negatives) and specificity = true negatives/(true negatives + 
false positives). 

Once the likelihood ratio associated with a particular test 
response is known, the predictive value can be found for any 
value of pretest risk, P. This form of Bayes’ theorem is par- 
ticularly useful because a single number, the likelihood ratio, 
characterizes the diagnostic implications of the test response 
over the entire spectrum of pretest risk. 

Figure 1 presents a graphic representation of the preceding 
formula, with predictive value plotted against pretest risk for 
a series of L values between 0.01 and 100.0. From such a family 
of curves, the predictive value of any test response can be 
determined for any value of pretest risk if the likelihood ratio 
associated with the test response is known. For example, 
suppose a subject with an estimated pretest risk of 0.40 has 
a test response known to be associated with a likelihood ratio 
of 20. In Figure 1, the predictive value can be found by reading 


vertically up from a pretest risk of 0.40 on the abscissa to the 
curve for a likelihood ratio of 20 and then reading horizontally 
across to the predictive value on the ordinate. Alternatively, 
the predictive value could be calculated according to the 
preceding formula as follows: 


0.4 
M B.S 
0.4 + 0.6/20 a 


The same method can be used for test responses with likeli- 
heod ratios less than 1. 


Predictive value = 


APPENDIX 2 


Effective Likelihood Ratio for Two 
Independent Tests 


When the results of two test procedures are statistically 
independent of each other, the predictive value may be com- 
puted from the pretest risk by using the product of the indi- 
vidual likelihood ratios associated with each test response as 
the effective likelihood ratio: 


Liz = L; X Le 
This may be shown as follows: by definition, 
P(O,/D 
Lı = likelihood ratio associated = a 
with test response O; (O,/D) 
Lz = likelihood ratio associated = 02D) 
with test response O» P(O5/D) 
Lı 2 = effective likelihood ratio = P(O; and O/D) 


when both O, and O» occur TE (O; and O2/D) ` 


where O; and Os» are the two independent test results, D in- 
dicates the presence of disease and D implies the absence of 
disease. Because O; and Oy» are independent, 


P(0; and O./D) -— P(O,/D) X P(Os/D) 
Substituting these formulas into the definition of Ly »: 
* P(O;/D) x P(Os/D) 
"*- P(Oi/D) x P(O2/D) 
Because the pathogenesis of coronary calcification depends 
en chemical changes in the arterial wall whereas exercise- 
induced S-T depression depends primarily on hemodynamic 
factors, these tests are likely to behave in a statistically in- 


dependent way to a good approximation. However, empirical 
confirmation of this assumption appears warranted. 


= L; X Lo. 
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Mitral valve replacement is considered when there is severe mitral ste- 
nosis, severe mitral insufficiency or a combination of the two. Ordinarily, 
surgical replacement is considered only for patients who are in functional 
classes Ill or IV and do not respond to medical management. Patients with 
symptomatic mitral stenosis should be treated with mitral commissuro- 
tomy whenever possible. Patients selected for commissurotomy should 
have a pliable valve, no other major valve dysfunction, sinus rhythm, no 
systemic embolism and good left ventricular function. Early operation is 
not ordinarily required. 

Mitral insufficiency may require mitral valve replacement in six rather 
common settings: rheumatic disease, rupture of mitral chordae tencineae, 
postinfarction rupture of a papillary muscle, intractable infective endo- 
carditis, floppy mitral valve and malfunction of a prosthetic valve. Rupture 
of mitral chordae tendineae can usually be recognized from the history, 
physical examination, echocardiogram and angiocardiogram. Severe left 
ventricular papillary muscle dysfunction is usually due to cardiac in- 
farction, and occurs within the first 9 days of infarction. When only a pa- 
pillary muscle tip is ruptured the patient may survive long enough for a 
mitral valve replacement. In infective endocarditis, operation is more often 
needed because of congestive heart failure than because of refractory 
infection. Evidence of mitral stenosis or insufficiency in a patient with a 
previously implanted prosthetic valve usually indicates an urgent need 
for study and ear!y operation. Uncommon causes of mitral incompetence 
that may require valve replacement are endocardial fibroelastosis, 
Marfan's syndrome, calcified mitral anulus, osteogenesis imperfecta, 
methysergide-induced heart disease and carcinoid heart disease. 


Replacement of the mitral valve should be considered in the treatment 
of certain patients with mitral stenosis, mitral insufficiency or combined 
mitral stenosis and msufficiency. As a general rule, surgical replacement 
is considered only for patients in functional classes III or IV of the New 
York Heart Association! who do not respond to medical management 
and in whom satisfactory repair cannot be made by valvotomy. 


Early and Late Mortality of Mitral Valve Replacement 


A decision to replace the mitral valve is often more difficult than a 
decision concerning aortic valve replacement, which has a lower average 
surgical mortality rate. The average surgical in-hospital mortality rate 
in patients with mitral stenosis for prosthetic valve insertion is much 
lower than in patients with mitral insufficiency. Kouchoukos? cited his 
own 5!/; year experience with 282 patients undergoing isolated replace- 
ment of the mitral valve with a ball valve prosthesis. The in-hospital 
mortality rate was 6 percent among 64 patients with pure mitral stenosis 
and 19 percent among 120 patients with mitral incompetence. For 98 
patients with bcth lesions, the mortality rate was 11 percent. Thirty of 
the 38 patients who died postoperatively had low cardiac output, and 
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ə the majority died within the first few days of cardiac 


standstill or ventricular fibrillation. Kirklin and Paci- 
fico? reported an in-hospital mortality rate of 5 percent 
for replacement of the stenotic mitral valve with a 
Starr-Edwards prosthesis. When the operation was for 
mitral insufficiency, the mortality rate was 20 percent. 
More recent reports indicate a 7 percent mortality rate 
for valve replacement in patients with mitral insuffi- 
ciency, and a 2.4 percent mortality rate for patients with 
mitral stenosis.*^ Salomon et al. reported an operative 
mortality rate of 6 percent in replacing the mitral valve 
in 66 patients with the “floppy valve syndrome." 

Rapaport’ reported an average 7.5 percent initial 
surgical mortality rate in leading medical centers for 
patients undergoing prosthetic mitral valve replace- 
ment, with an approximate overall! 80 percent 5 year 
survival rate after prosthetic valve insertion. Rapaport 
favors continued medical management as long as it can 
be shown that medical management yields a better than 
5 year survival rate. Rapaport cited Olesen? who showed 
among medically treated patients a 62 percent 5 year 
survival rate in those with class III mitral stenosis, and 
a 15 percent 5 year survival rate in those with class IV 
stenosis. Wood? found an average of 7 years between the 
onset of symptoms and total disability in mitral stenosis. 
Rowe et al.!° observed 250 patients with isolated mitral 
stenosis for 20 years or until death. After 10 years, 39 
percent were dead; after 20 years, 79 percent were dead. 
Fifty-two percent were asymptomatic at the beginning 
of the study; after 10 years, 59 percent of these were still 
asymptomatic and 16 percent were dead. After 20 years, 
62 percent were dead, and 24 percent asymptomatic. In 
the case of mitral insufficiency, Rapaport found that 
only three of four patients treated surgically for mitral 
insufficiency were still alive 5 years later, and only one 
of two after 10 years. Among a group of medical patients 
with mitral insufficiency, 60 percent were alive 10 years 
after the first diagnosis was made. The medically 
treated group were believed to have milder valve dis- 
ease. 

We do not recommend early mitral valve replacement 
for a number of reasons. One reason is the appreciable 
mortality risk of the operation, to say nothing of the 
operative morbidity, time lost and the expense. The 
operation may be complicated by cardiac infarction, 
serum hepatitis, postperfusion syndrome or postcar- 
diotomy syndrome. Most important of all are the short- 
and long-term problems attendant on prosthetic valves. 
Among these are valve detachment, valve deterioration, 
hemolysis, infection and an increased propensity to 
systemic embolism. 


Mitral Stenosis 


Mitral stenosis is ordinarily caused by rheumatic 
fever; occasionally it is of congenital or of other origin. 
We are not considering here the left ventricular inflow 
obstruction produced by hypertrophic cardiomyopathy. 
Davachi et al.!! described five varieties of congenital 
obstruction to left ventricular inflow in infants: supra- 
valve ring, parachute mitral valve, fusion of leaflets, 
obstructing papillary muscles and accessory mitral 
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leaflets. Rheumatic mitral stenosis is usually a very slow 
progressive disease. The initial attack of rheumatic fever 
usually occurs between the ages of 5 and 15 years. Ex- 
cept in severe cases, symptoms of mitral stenosis usually 
do not appear until the patient is in the late 20's, and in 
some patients symptoms do not appear until the 5th or 
6th decade of life, if at all. Because mitral stenosis is not 
ordinarily immediately life-threatening, and its cardiac 
effects are usually reversible, surgical treatment can be 
deferred as long as symptoms can be controlled medi- 
cally. 

Indications for mitral commissurotomy: Patients 
with symptomatic mitral stenosis who are candidates 
for surgical treatment should be treated with either 
open or closed commissurotomy whenever possible. 
Ideal patients for commissurotomy are those with 
progressive symptoms who are relative young, less than 
35 to 40 years of age, but the procedure is not necessarily 
limited to this age group. Patients selected for com- 
missurotomy should have sinus rhythm rather than 
atrial fibrillation, and should have no history of embo- 
lism to suggest that there are atrial mural thrombi. The 
mitral valve should not be heavily calcified. An audible 
mitral opening snap and good mitral valve excursion on 
echocardiography suggest a pliable valve that is likely 
to be suitable for commissurotomy. Left ventricular 
function should not be markedly impaired, as judged 
by a good ejection fraction on ventriculography. There 
should be no major mitral insufficiency and no major 
disease of the aortic or tricuspid valve. Mitral insuffi- 
ciency is sometimes misdiagnosed in patients with mi- 
tral stenosis. This error may occur when the murmur of 
tricuspid incompetence is well heard at the cardiac apex 
of patients with a large right ventricle. 

Evaluation of patients: The evaluation of the degree 
of limitation in patients with mitral stenosis may be 
quite difficult. The disability generally develops quite 
gradually, and the patient often is almost unaware of it 
or attributes his or her dyspnea or fatigue with effort to 
obesity or poor physical conditioning. Furthermore, 
mitral stenosis is most common in women of middle age, 
a group that tends to take little or no exercise beyond 
that involved in housework and shopping. Echocardi- 
ography, especially two-dimensional echocardiography, 
is of value in screening patients with regard to severity 
of mitral stenosis. Treadmill exercise tests and invasive 
hemodynamic studies are aids in evaluating the degree 
of mitral stenosis and of functional impairment. In 
general, the mitral valve area is less than 1.0 to 1.2 cm? 
in patients who need an operation for mitral ste- 
nosis.? 

When good surgical relief of mitral stenosis is ob- 
tained, the accompanying pulmonary hypertension that 
strains the right ventricle is usually relieved completely 
or almost completely.!? Because there is no abnormal 
stress on the left ventricle with pure mitral stenosis, one 
need not fear increasing left ventricular dysfunction 
when valve replacement is postponed. Thus, there 
should be no haste to operate for mitral stenosis because 
of fear of progressive left ventricular dysfunction that 
might become irreversible. 
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FIGURE 1. Normal arrangement cf chordae tendineae of mitral valve. 
L.A. = left atrium; L.V. = left ventricle; I? = primary; Il? = secondary; 
Il? = tertiary. 12 = number of secondary chordae; 62 = number of 
tertiary chordae. (Reprinted with permission of Roberts and Perloff 15 
and Annals of Internal Medicine.) 
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Mitral Incompetence 


There are six rather common settings in which mitral 
nsufficiency may require consideration of mitral valve 
‘eplacement. These are rheumatic mitral insufficiency, 
'upture of the mitral chordae tendineae, postinfarction 
‘upture of a papillary muscle, intractable infective en- 
locarditis, malfunction of a previously implanted mitral 
valve prosthesis and floppy mitral valve. Today, in 
idults over 40 years of age, the majority of instances of 
nitral regurgitation are believed to be nonrheumatic 
n origin. 
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Role of left ventriculography: In most patients 
with severe mitral regurgitation under serious consid- 
eration for mitral valve replacement, left ventriculog- 
raphy will be performed to evaluate the degree of mitral 
regurgitation. In some patients, especially those with 
coronary artery disease, rheumatic heart disease, pes- 
sible cardiomyopathy or any variety of mitral regurgi- 
tation with a dilated left ventricle, the degree of left 
ventricular functional impairment may not be clear. 
This important concern bears on long-term prognosis 
and the anticipated surgical mortality rate for mitral 
valve replacement, and it affects the degree of im- 
provement that might be anticipated. In general, the 
patient who is to have mitral valve replacement for 
treatment of mitral incompetence will have a degree of 
mitral incompetence demonstrated by left ventricu- 
lography that is graded as 3+ or 4+ (grades 1 to 4). A 
well maintained left ventricular systolic ejection fraction 
that is near the normal value suggests primary mitral 
valve apparatus disease and thus a favorable result of 
mitral valve replacement. A very low ejection fraction 
(one less than 0.40) is seen when there is heart muscle 
disease, and often the mitral regurgitation is then sec- 
ondary to left ventricular dilation. Ordinarily mitral 
valve replacement would not be considered in the latter 
instance. !? 

Kay et al.!4 presented an argument for mitral valve 
repair rather than replacement whenever possible. 
Between 1959 and 1977, they performed mitral valve 
repair in 145 patients and replacement in 71, all with 
significant pure mitral insufficiency. Seventy-three 
patients had torn chordae tendineae, 15 had a ruptured, 
infarcted or necrotic head of a papillary muscle, 28 had 
stretched chordae tendineae and 31 had a dilated mitral 
valve anulus. The in-hospital death rate was 5 percent 
for mitral valve repair; repair failed in 8 percent of pa- 
tients from 1 month to 14 years after the initial opera- 
tion. 


FIGURE 2. Healed ruptured chordae tendineae of the 
posterior mitral leaflet (PL), an unexpected finding at 
autopsy in a 77 year old woman who had a history of 
treated hypertension and rheumatoid arthritis. There was 
no significant left atrial dilatation. The mitral anulus is 
focally calcified and the portion of the posterior leaflet 
to which the ruptured chordae are attached eppears 
thickened. There was no morphologic evidence of any 
particular cause of the rupture, including floppv mitral 
valve. There was no history of infective endocarditis. AL 
— anterior leaflet mitral valve; LA — left atrium; PPM — 
posterior papillary muscle of the left ventricle. 


Rheumatic Mitral Valve Incompetence or Mixed Mitral 
Valve Lesions 


Generally speaking, patients with mitral valve in- 
competence or mixed lesions have been known to have 
heart disease for decades before progressive class III or 
class IV disability developed. Because of the higher 
postoperative mortality rate, a decision for operation 
in this group may be more difficult than in patients with 
rheumatic mitral stenosis. 'Too, it is in this group that 
mitral valve replacement rather than valvotomy is 
usually needed. Surgical repair of the mitral valve 
without replacement is often not possible. Thus, one is 
faced with a more certain need for valve replacement, 
a higher earlier postoperative mortality rate and a re- 
markably lower 5 and 10 year survival rate than is true 
for pure mitral stenosis. 


Rupture of Mitral Chordae Tendineae 


Rupture of mitral chordae tendineae is an increas- 
ingly recognized cause of severe mitral regurgitation. 
Both the anterior and posterior papillary muscles have 
some five or six heads, and each head has two primary 
divisions that give rise to primary chordae; these pri- 
mary chordae divide into secondary chordae, which 
divide into tertiary chordae (Fig. 1). Rupture of one 
primary chorda can lead to significant mitral regurgi- 
tation.!^ On the other hand, rupture of one or two ter- 
tiary chordae may produce a loud apical systolic mur- 
mur but relatively little mitral incompetence. Quite 
often rupture of mitral chordae tendineae that produces 
severe mitral regurgitation is followed by rapidly pro- 
gressive pulmonary edema that responds poorly to 
medical management, and the patient requires early 
mitral valve repair or replacement. 

The two most common varieties of ruptured chordae 
are (1) spontaneous rupture, which usually occurs in 
patients over age 50 years (Fig. 2), and (2) infective 
endocarditis (Fig. 3). Rupture of the chordae can also 
occur in patients who have the floppy mitral valve or 
click-murmur syndrome or previous rheumatic mitral 
disease. It can also occur after trauma, after papillary 
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FIGURE 4. Phonocardiogram showing a pansystolic PULSE 
murmur associated with rupture of mitral valve chordae 
tendineae. Atrial and ventricular gallop sounds are also 


demonstrated. ECG = electrocardiogram. 
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FIGURE 3. Perforation of mitral leaflet with rupture of chordae tendineae 
caused by hemolytic streptococcal endocarditis in a woman aged 57 
years. (Reprinted by permission of Harper & Row. '®) 


muscle infarction and scarring and, occasionally, as the 
result of surgical procedures on the heart. 

The clinical recognition of ruptured mitral chordae 
tendineae is usually not difficult. Typically there is a 
rough long systolic murmur with mid systolic peaking. 
The intensity of the murmur is maximal at the cardiac 
apex. It is at times audible in the left infrascapular area, 
over the dorsal spine or at the base of the heart. The 
murmur is often associated with a thrill and typically 
is of grade IV or V intensity (Fig. 4). Ventricular and 
atrial gallop rhythms are common. Characteristically, 
when there is a major degree of mitral regurgitation 
there is severe pulmonary hypertension, with the large 
left atrial V wave of mitral incompetence reflected in 
the pulmonary wedge pressure tracing and often in the 
pulmonary arterial pressure tracing (Fig. 5). At first, the 
left atrium is relatively small and atrial fibrillation is 
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RUPTURE OF MITRAL CHORDAE TENDINEAE 
‘IGURE 5. Left heart pressure tracings showing left atrial V wave 


ressures exceeding 60 mm Hg in a patient with rupture of mitral valve 
hordae tendineae. 


inusual. The echocardiogram may show a flail posterior 
nitral leaflet visible in the left atrium in systole, systolic 
ibrations of the mitral leaflet and increased systolic 
ontraction of the left ventricular septum and posterior 
vall (Fig. 6). Mitral prolapse and systolic expansion of 
he left atrium may be seen. The existence of severe 
nitral regurgitation is conformed with a left ventricu- 
ogram. 


1docardium 
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If severe mitral regurgitation has continued for a year 
or more, then left atrial enlargement and atrial fibril- 
lation become more common. Although medical man- 
agement with digitalis, sodium restriction, diuretic 
drugs and restricted physical activity is usually helpful, 
frequently the patient cannot be returned to a func- 
tional class I or II and surgical repair or valve replact- 
ment must be recommended. 


Papillary Muscle Rupture 


Left ventricular papillary muscle rupture, as a rule, 
occurs in the setting of acute myocardial infarction, and 
within the first 9 days!? (Table I, Fig. 7). The posterior 
papillary muscle is involved three to five times as often 
as the anterior papillary muscle. If rupture takes place 
through the belly (trunk) of the papillary muscle, usu- 
ally the patient does not survive more than a few hours 
or 1 or 2 days (Fig. 7 and 8) because of overwhelmingly 
severe mitral regurgitation and pulmonary edema. 
However, if the rupture is through one of the six heads 
of the papillary muscle, the patient may survive for 
weeks, months or years (Fig. 9), and it is in this group 
of patients that the consideration of mitral valve re- 
placement arises. In a survey!? of 61 patients with pa- 
pillary muscle rupture, 54 percent died within 24 hours 
and 80 percent within 2 weeks. The most favorable 
outcome without surgical repair was 20 months' sur- 
vival; 15 patients were subjected to surgical repair.!? 





FIGURE 6. Echocardiograms from a patient with rupture 
of mitral valve chordae tendineae. Top, preoperative (July 
22, 1976), showing increased systolic excursion of in- 
terventricular septum. The posterior leaflet of the mitral 
valve (PLMV) shows diastolic vibrations. Bottom, post- 
operative (August 18, 1976), showing decrease of left 
ventricular systolic dimension (Ds) and diastolic dimension 
(Da) and ejection fraction (Ej Fx) after operative repair. 
Septal motion is decreased, and the posterior mitral 
leaflet no longer shows diastolic vibrations. ALMV — 
anterior leaflet of mitral valve; EKG — electrocardiogram. 
(Figure courtesy of Dr. Harold Settle.) 





Clinically, this disorder must be distinguished fram 
* ventricular septal rupture complicating acute cardiac 
infarction. The physical findings may be almost iden- 
tical, and the site of origin of the pansystolic murmur 
difficult to determine. At times the systolic murmur is 
faint, almost absent. The balloon-tipped flow-directed 
catheter can be used to distinguish between the two 
conditions. As a rule, the pulmonary wedge pressure 
tracing will show a high V wave with papillary muscle 
rupture and not with ventricular septal defect. Further, 
right heart catheterization will reveal an increased 
oxygen content of right ventricular blood with ven- 
tricular septal rupture, and not with ruptured papillary 
muscle. We have observed similar hemodynamic de- 
rangements in postinfarction papillary muscle fibrosis 
in one patient. This caused severe mitral regurgitation, 
and mitral valve replacement was necessary. 


infective Endocarditis 


Uncommonly, it may be necessary to replace the 
mitral valve in the course of acute infective endocarditis 
(Fig. 10). If the patient’s clinical condition and state of 
myocardial function permit, it is preferable to treat the 
patient for 4 to 6 weeks with appropriate antibiotic 
agents before undertaking mitral valve replacement. 
The most common indication for surgery in this setting 
is intractable heart failure. Table II indicates the find- 
ings of Manhas et al.?? in their review of 137 patients 
operated on for infective endocarditis. One hundred ten 
of these patients were operated on because of congestive 
heart failure, and another 15 because of congestive heart 
failure with emboli; only 12 underwent operation be- 
cause of persisting infection. Valve ring abscess (Fig. 11), 
which may make successful surgery impossible, and 
continuing infection are the principal reasons for pre- 
ferring to delay the operation until the patient has had 
a full course of antibiotic treatment for the endocarditis. 
Valve replacement is more often necessary to eliminate 
infection when endocarditis is caused by a fungus”? or 
pseudomonas.?? 
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FIGURE 7. Diagram of two varieties of papillary muscle rupture. LV — 
left ventricular. (Reprinted with permission of Roberts et al.'? and Annals 
of Internal Medicine.) 
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TABLE ! 
Features of Postinfarction Papillary Muscle Rupture 





. Usually within first 9 days of acute myocardial infarction 

. Posterior papillary muscle: anterior muscle ratio — 5:1 

. Occurs in one of five cardiac ruptures 

With survival of more than 5 days, usually involves the pa- 
pillary muscle head 

. Murmur may be faint or absent 

. Differentiate from ventricular septal rupture, other causes 
of papillary muscle dysfunction 

. Distinctive features on hemodymamic study 


N oo »oma 


A review?? of 239 cases of surgically treated infective 
endocarditis indicated that the overall mortality rate 
was 26.7 percent. The mitral valve was operated on in 
53 instances; it was replaced in 29 of these. 


Replacement of a Previously Implanted Prosthetic 
Valve 


Occasionally one must consider the possibility of re- 
placing a previously implanted mitral valve prosthesis. 
Most commonly the question arises when there is evi- 
dence of recurrent pulmonary congestion. If pulmonary 
congestion and edema develop suddenly in a patient 
with a prosthetic mitral valve, especially one recently 















FIGURE 8. View from left ventricular outflow (LVO) tract of anterior 
leaflet of mitral valve with attached head of recently ruptured papillary 
muscle (RPM). The ruptured trunk of the papillary muscle twisted around 
itself and in between the chordae tendineae. This was the heart of a 52 
year old man who had a subendocardial infarct of the left ventricle 3 
weeks before death and sustained a transmural posteroinferior myo- 
cardial infarction with rupture of the papillary muscle within 24 hours 
of death. AL — anterior leaflet of mitral valve. 
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FIGURE 9. Heart from a 62 year old white woman who 7 months before 
death had an acute inferior myocardial infarction and within the next 
14 days a murmur of mitral regurgitation. The view is of the left ven- 
tricular inflow tract. A large healed infarct occupied the posterior wall 
of the left ventricle (LV). One papillary muscle head infarcted, ruptured 
and healed. The tip of the ruptured pillar and stump (S) is still attached 
to the chordae tendineae, which insert to the posterior margin of the 
anterior leaflet (AL). The white pointer is directed toward the remaining 
lower portion and belly of the scarred, flattened posterior papillary 
muscle. LA = left atrium; PL = posterior leaflet of the mitral valve. 


implanted, the situation should be reviewed with alarm 
and as a probable emergency. In such patients one is 
usually dealing either with a paravalve leak due to 
loosening of sutures (Fig. 12), or clotting on the valve 
(Fig. 13). Occasionally one is dealing with cocking or 
other malfunction of the mitral valve disc or poppet. In 
any case, the patient may die within hours or days un- 
less the correct diagnosis is made and the valve replaced. 
Slightly less urgent indications for valve replacement 
are repeated and intractable systemic embolism not 
responding to therapy with both warfarin and drugs 
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TABLE Il 


indications for Mitral Valve Surgery in Infective Endocarditis 
in 137 Cases* 








Indications Cases (no.) 
1. Congestive heart failure (CHF) 110 
2. CHF and emboli 1] |o. 
3. CHF and resistant infection 4 
4. CHF and emboli and resistant infection 3 
5. Emboli and resistant infection 1 
6. Resistant infection/drug toxicity 4 
Total 137 





* Adapted from Manhas et al.2° 


acting on blood platelets, and infective endocarditis, 
especially fungal endocarditis. 

In a patient with a prosthetic mitral valve, repeated 
cerebral embolism despite the use of warfarin, dipy- 
ridamole and either aspirin or sulfinpyrazone may in- 
dicate that the valve should be replaced. In this setting 
a tissue valve should be used so that further embolism 
will be less likely.2° Often infective endocarditis in- 
volving a prosthetic valve requires valve replacement 
but this is not invariably the case. Boyd et al.26 con- 
cluded that infective endocarditis appearing early after 
prosthetic valve implantation was more likely than later 
infection to require surgical treatment. Persistent fever, 
a regurgitant systolic murmur or increasing signs of 
heart failure during antibiotic therapy for infective 
endocarditis suggest that valve replacement will prob- 
ably be necessary. Valve replacement is almost invari- 
ably necessary when the infection is due to a 
fungus.?8 


Floppy Mitral Valve 


The floppy mitral valve is increasingly recognized as 
a cause of mitral regurgitation of severe degree. Davies 
et al.?? reviewed 1,984 routine hospital necropsies and 
found that 3.9 percent of men and 5.2 percent of women 


FIGURE 10. Heart of a 39 year old drug addict. The blood 
culture at autopsy yielded staphyloccus epidermidis. In 
this picture the anterior leaflet (AL) of the mitral valve 
shows a site of rupture with superimposed blood clot 
(single arrowhead). Vegetations are apparent on the 
posterior mitral leaflet (PL) (double arrowheads). LV = 
left ventricle; PPM — posterior papillary muscle. 


FIGURE 11. Heart of a 25 year old pregnant black woman 
who entered the hospital with fever and pericarditis. A 
large aortic valve ring abscess extended down between 
the endocardial surfaces of the anterior leaflet (AL) of the 
mitral valve causing the protrusions (arrowheads) on its 
atrial surface. This proved to be a case of Chlamydia 
trachomatis endocarditis.?' LA = left atrium. 


FIGURE 12. Left ventricular view of mitral valve disc 
prosthesis. The hole (arrowhead) just beside the margin 
of the partially thrombosed disc valve caused paravalve 
leakage. This was due to loosening of the sutures. LV = 
cut surface of left ventricle; PM = papillary muscle. 


FIGURE 13. Infective endocarditis (diphtheroids) of mitral 
valve disc prosthesis in a 23 year old man. Sagittal cut 
through the lower portion of the left atrium (LA) and the 
basal portion of the left ventricle (LV). Partial dehiscence 
of the prosthetic valve due to infective endocarditis was 
complicated by obstructive thrombosis at the atrial sur- 
face of the prosthesis. Arrowheads point to anatomic site 
of mitral anulus. 
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TABLE Itt 


Uncommon Conditions That May Require Mitral Valve 
Replacement 
cei TES 4 n PL COLO LAT ERR LEEREN 
1. Congenital obstruction to left ventricular inflow 

a. Congenital mitral commissural fusion 

b. Parachute mitral valve 

c. Supravalvular ring 

d. Accessory mitral valve leaflet 

e. Malposition of obstructing papillary muscle 
2. Congenital causes of mitral regurgitation 
. Corrected transposition of great arteries 
. Partial atrioventricular canal 
. Endocardial fibroelastosis 
. Shortened or redundant posterior leaflet 
. Accessory orifice 
Anomalous mitral arcade 
. Isolated cleft of mitral leaflet 

h. Papillary muscle infarction 

. Marfan's syndrome (calcified anulus) or elongated chordae 
. Hypertrophic cardiomyopathy 
. Osteogenesis imperfecta 
. Carcinoid heart disease 
. Methysergide-induced heart disease 
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nad a significant “floppy” mitral valve. Two car- 
liothoracic units?? had had 44 patients who underwent 
mitral valve replacement because of severe mitral in- 
:'ompetence associated with “floppy” mitral valve. Of 
‘hese, 77 percent had had ruptured mitral chordae 
endineae. Salomon et al. replaced the mitral valve in 
36 patients with “floppy valve syndrome" during the 10 
years from 1965 to 1975. 


Uncommon Conditions That May Lead to 
Consideration of Mitral Valve Replacement 


Uncommon conditions leading to consideration of 
nital value replacement include congenital mitral ste- 
losis, various varieties of congenital mitral insuffi- 
iency, Marfan's syndrome and others (Table III). 





5 . July 1979 The American Journal of CARDIOLOGY Volume 44 


Congenital mitral valve disease: The need for re- 
pair of partial common atrioventricular canal usually 
arises in children. The incompetent cleft mitral valve 
is ordinarily treated by valve repair, and not with re- 
placement.*° Mitral valve replacement may be required 
for mitral insufficiency due to an isolated cleft of the 
anterior or posterior mitral leaflet?! The systemic 
atrioventricular valve regurgitation of corrected 
transposition of the great vessels may be amenable to 
operative correction with valve replacement if the valve 
is in normal position.?? With parachute mitral valves, 
there are usually other anomalies. Obstruction to blood 
flow into the left ventricle may be relieved by selective 
resection of chordae." In endocardial fibroelastosis 
mitral insufficiency is occasionally severe enough to 
require a prosthetic valve.?? Mitral insufficiency in this 
setting may be caused by misplaced or infarcted papil- 
lary muscles.!! Other congenital lesions which may re- 
quire surgical correction of mitral insufficiency are: 
shortehed posterior leaflet, redundant posterior leaflet, 
accessory orifice at the anterolateral commissure,*! and 
anomalous mitral arcade.*4 

Obstructive hypertrophic cardiomyopathy: 
Cooley et al.?? recommended that the mitral insuffi- 
ciency which is found in 50 percent or more of patients 
with this condition be treated by prosthetic valve in- 
sertion. However, the majority of surgeons and cardi- 
ologists prefer to treat such patients with propranolol 
and, when necessary, with ventricular septal myoto- 
my.’ When the obstruction to left ventricular outflow 
is relieved, usually the mitral regurgitation is also re- 
lieved. 

Marfan's syndrome: In infants with Marfan's syn- 
drome,'! elongation of the chordae tendineae may lead 
to severe mitral insufficiency. In some patients with the 
syndrome the mitral valve may need replacement be- 
cause of severe prolapse or ruptured chordae tendineae, 
or mitral valve disease may be associated with calcifi- 


FIGURE 14. Mitra! valve of a 36 year old white man who 
died after 2 days of refractory heart failure. Characteristic 
morphologic changes were present, and there was evi- 
dence of accumulated products in the liver tissue that 
proved to be dermatan and heparan sulfate. The long 
Survival time, fair intelligence and deafness of the patient 
suggested Hunter's syndrome.^! The tricuspid and aortic 
valves were deformed as well. AL — anterior leaflet of 
mitral valve; APM = anterior papillary muscle; LA = left 
atrium; LV — left ventricle; PPM — posterior papillary 
muscle. 


, cation of the mitral anulus.?? At times patients with 
calcification of the mitral anulus due to Marfan’s syn- 
drome or other disease have severe mitral regurgitation 


and need a prosthetic valve. 
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Other diseases that cause mitral valve regurgi- 
tation: Other diseases that cause mitral regurgitation 
and may require treatment with a prosthetic valve are 
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osteogenesis imperfecta?? and gargoylism (Hunter's 
syndrome) (Fig. 14), in which there are mucopolysac- 
charide deposits within the valve and in the interstitium 


of the heart.®° Rarely, the question of mitral valve re- 
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placement may arise in a patient with methysergide- 
induced heart disease or with carcinoid heart dis- 
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Three patients with a left superior vena cava draining into a dilated cor- 
Onary sinus were studied with cardiac catheterization and echocardiog- 
raphy. The diagnosis was confirmed at operation in two patients. A pos- 
terior echo-free space was filled with echoes during injection of contrast 
medium into the left but not the right arm. This echo-free Space was lo- 
calized to the left atrioventricular groove. This technique established the 
presence of a left superior vena cava communicating with the coronary 
Sinus and excluded pericardial effusion as the source of the posterior 
echo-free space. 


A persistent left superior vena cava with drainage into the coronary sinus 
is a common abnormality in patients with congenital heart disease. Al- 
though it usually has no hemodynamic significance its recognition may 
be important for correct interpretation of cardiac catheterization and 
echocardiographie findings, and for the safe performance of open heart 
surgery employing cardiopulmonary bypass. This report describes an 
echocardiographic technique for identifying this condition. 


Methods 


In the three patients to be described echocardiograms were obtained before 
and during cardiac catheterization. Left and right cardiac catheterization was 
performed in all patients. The presence of left to right intracardiac shunt was 
detected from hydrogen arrival curves, as described by Hyman et al.! 

Echocardiography was performed with a single, unfocused crystal transducer 
(2.25 megahertz) and commercially available equipment (Ekoline 20A or Picker 
80C echoview). Two dimensional echocardiography was performed with a 60° 
mechanical sector transducer. The tracings were recorded on videotape for 
playback and frame selection. Contrast echocardiography was performed in each 
patient by injection of 5 cc of Cardiogreen®, immediately followed by a forceful 
injection of 5 cc of saline solution through a catheter positioned in the coronary 
sinus and into the left and right basilic veins while echocardiograms were re- 
corded. 


Case Reports 
Case 1 


A 40 year old black woman underwent repair of an ostium primum atrial septal 
defect in 1972. Thereafter she complained of progressively more severe exertional 
dyspnea. Physical examination suggested cardiomegaly, eombined mitral ste- 
nosis and insufficiency and severe aortic insufficiency. An electrocardiogram 
demonstrated normal sinus rhythm, left axis deviation and nonspecific T wave 
changes. Biventricular enlargement was noted in a chest roentgenogram. 

Cardiac catheterization documented severe aortic insufficiency, mild mitral 
stenosis, and moderate mitral insufficiency. A small left to right shunt (pulmo- 
nary/systemic flow ratio = 1.2) was present at the atrial level. The venous 
catheter passed into the coronary sinus and then into a left superior vena cava. 
On angiography the coronary sinus was shown to be greatly dilated. 

An echocardiogram revealed mild mitral stenosis and a dilated left atrium. 
A large echo-free space behind the posterior wall of the left ventricle initially 
gave the impression of a pericardial effusion. However, with scanning directed 
toward the left ventricular apex (Fig. 1, top) or toward the left atrium (Fig. 1, 
bottom) the echo-free space disappeared. Sector scanninz in the longitudinal 
axis showed an echo-free space 2 cm in diameter behind the junction of the left 


8 . July 1979 The American Journal of CARDIOLOGY Volume 44 


atrium and left ventricle (Fig. 2). Injection of Cardiogreen into 
the coronary sinus during catheterization caused opacification 
of this echo-free space. Injection of Cardiogreen into the left 
basilic vein caused the same opacification. Injection into the 
right basilic vein opacified only the right ventricle. 


Case 2 


A 61 year old white woman with a heart murmur detected 
at birth and atrial fibrillation for 6 years had decreased ex- 
ercise tolerance for 3 months before study. Physical exami- 
nation was remarkable only for an irregular cardiac rhythm 
and a brief, soft systolic murmur at the lower left sternal 
border. The electrocardiogram demonstrated atrial fibrilla- 
tion; a chest X-ray film was normal. 
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Cardiac catheterization and angiography documented a 
left to right shunt at the atrial level, mild mitral regurgitation, 
aberrant origin of the circumflex artery from the right coro- 
nary artery, and fistulous communication of the right coronary 
artery with the inferior cardiac vein. The left to right shunt 
was detected with hydrogen arrival curves and was too small 
to be detected with oximetry. A venous catheter was passed 
into a dilated coronary sinus and was advanced into a persis- 
tent left superior vena cava. 

An echocardiogram revealed a large echo-free space behind 
the posterior left ventricular wall. During catheterization 
injection of Cardiogreen into the coronary sinus caused this 
echo-free space to opacify. A similar opacification was ob- 
served with a left basilic vein injection (Fig. 3), but not with 
a right basilic vein injection. 





FIGURE 1 (left). Case 1. M mode 
echocardiogram. Top, scan from the 
left ventricular (LV) apex on the left side 
of the figure toward the left ventricular 
body. A large echo-free space is noted 
behind the posterior left ventricular wall 
(post Iv) representing a dilated coronary 
sinus (cs) due to drainage of a persis- 
tent left superior vena cava (Isvc). This 
echo-free space is limited to the area 
adjacent to the atrioventricular groove 
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case 3 


A 55 year old white woman had a heart murmur since 
:hildhood. For several years she had had palpitations, exer- 
ional dyspnea and mild orthopnea despite treatment with 
ligoxin and diuretic agents. Her cardiac rhythm was irregular. 
l'he cardiac apex was at the anterior axillary line in the sixth 
eft interspace. A right ventricular impulse, a loud first heart 
ound, and a widely split second heart sound with an accen- 
uated pulmonary component were present. There was a soft, 
arly diastolic rumble at the apex. An electrocardiogram re- 
ealed atrial fibrillation, right bundle branch block and left 
xis deviation. A chest X-ray film showed marked generalized 


ardiomegaly, large hilar vessels and pulmonary venous con- 
estion. 





GURE 4. Case 3. M mode scan showing a large posterior echo-free 
ace. cs — coronary sinus; ivs — interventricular septum; LV — left 
ntricle; Isvc = left superior vena cava; post lv = posterior left ven- 
cular wall; rv — right ventricle. 
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FIGURE 3. Case 2. Injection of Cardiogreen into the left 
basilic vein shows opacification of the coronary sinus (cs) 
(arrow). Overdamping of the anterior echoes prevented 
visualization of the echo cloud in the right ventricle. Lsvc 
= left superior vena cava. 


Cardiac catheterization and angiography demonstrated 
pulmonary hypertension (pulmonary arterial pressure = 73/37 
mm Hg), a left to right shunt at the atrial level (pulmonary/ 
systemic flow ratio — 2.3), severe mitral regurgitation and 
prolapse of the mitral valve and typical gooseneck deformity 
of the left ventricular outflow tract. A venous catheter passed 
easily into a dilated coronary sinus and then into a left. supe- 
rior vena cava. The catheter position was verified by angiog- 
raphy. 

Echocardiography revealed an echo-free space behind the 
posterior wall of the left ventricle (Fig. 4). The right ventricle 
was dilated. Injection of Cardiogreen into the coronary sinus 
during catheterization caused opacification of this echo-free 
space and of both ventricles. No peripheral injections were 
performed. The patient underwent open heart surgery 2 days 
after catheterization. A large ostium primum defect and a 
persistent left superior vena cava draining into a coronary 
sinus that drained into the left atrium were identified. 


Discussion 


Several conditions result in an echo-free space pos- 
terior to the left ventricle. Pericardial effusion is prob- 
ably the most common of these. Paquet and Gutgesell? 
showed the presence of an echo-free space behind the 
posterior wall of the left atrium in seven patients less 
than 10 years of age with total anomalous pulmonary 
venous connection; this was shown to be the common 
pulmonary venous chamber and was verified by injec- 
tion of indocyanine green. Aziz et al.? recently reported 
five cases of total anomalous pulmonary venous drain- 
age into the coronary sinus or the portal system or left 
superior vena cava. An echo-free space posterior to the 
left atrium was noted in the horizontal plane of the 
aortic valve. Such an echo-free space was noted in each 
of our patients with persistent left superior vena caval 
drainage into a dilated coronary sinus. Neither of our 
two patients who underwent operation was found to 
have anomalous pulmonary venous drainage and the 
third had no evidence of this condition at cardiac 
catheterization. The posterior echo-free space in these 
cases was identified as the coronary sinus on contrast 


echocardiography. Unlike Aziz et al. and Paquet and 
Gutgesell we were able to identify the echo-free space 
behind the left ventricle. 

Dilated coronary sinus versus pericardial effu- 
sion: Patients with atrial septal defects have been re- 
ported to have a large incidence of abnormalities of the 
per&cardium including effusion.* Diagnosis of cardiac 
tamponade may be difficult in such patients because a 
paradoxical pulse does not develop.” Because the cor- 
onary sinus is located in the left atrioventricular groove, 
an echo-free space due to a dilated coronary sinus may 
be visualized behind the base of the left ventricle, 
creating the false impression of a pericardial effusion. 
In such cases, it is important to perform an echographic 
scan from the left atrium to the apex of the left ventricle. 
An echo-free space due to pericardial effusion will be 
found to persist behind the left ventricle. However, if 
such a space is limited to the junction between the two 
chambers, it is unlikely to be the result of an effusion 
unless it is loculated by adhesions. A pericardial cyst 
might also produce a localized echo-free space. A two 
dimensional echocardiogram can be helpful by dem- 
onstrating that the echo-free space is limited to the left 
ventricular/left atrial junction and is roughly cir- 
cular. 

Cardiomegaly was present in two of our three pa- 
tients. In one case, it was due to the large left to right 
shunt and mitral insufficiency and in the other it was 
due to coexistent aortic insufficiency and mitral valve 
disease. Cardiac enlargement and the presence of an 
echo-free space could produce a false impression of a 
pericardial effusion. In these cases an echo-free space 
was identified at cardiac catheterization to be a dilated 
coronary sinus with persistence of the left superior vena 
cava; in each instance, a venous catheter entered the 
persistent left superior vena cava and injection of the 
echocardiographic contrast medium during the cathe- 
terization confirmed that the echo-free space repre- 
sented the coronary sinus. 

Identification of persistent left superior vena 
cava draining into coronary sinus: The opacification 
of the echo-free space after injection of contrast medium 
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into the left basilic vein shows that the origin of coro- 
nary sinus dilatation is most probably drainage of a 
persistent left superior vena cava. It has been reported 
that a persistent left superior vena cava exists in 0.3 
percent of normal persons. It is seen in 3 to 10 percent 
of patients with congenital heart disease 9-? especially 
in those with anomalous pulmonary venous return or 
atrial septal defect, mainly of the sinus venosus type.!? 
Both of our patients with atrial septal defect had the 
ostium primum type. A kindred with Pierre Robin 
syndrome (cleft palate, micrognathia and glossoptosis) 
has been described with persistent left superior vena 
cava and atrial septal defect, probably inherited as an 
X-linked recessive trait.!! Persistent left superior vena 
cava has also been described in patients with the poly- 
splenia and asplenia syndromes, in which anomalous 
pulmonary venous connection is frequently encoun- 
tered.!?.1? 

Drainage by way of a coronary sinus is seen in ap- 
proximately 90 percent of patients with persistent left 
superior vena cava.!4 A coronary sinus draining into the 
left atrium with a persistent left superior vena cava has 
also previously been described.!4!5 The identification 
of a persistent left superior vena cava is especially im- 
portant in those patients who are candidates for open 
heart surgery because cannulation of the left superior 
vena cava draining into the coronary sinus is War- 
ranted. 

Clinical implications: A dilated coronary sinus 
should be suspected if echocardiography reveals an 
echo-free space limited to the junction between the left 
atrium and the left ventricle and does not extend be- 
yond this area when the transducer is angled toward the 
apex of the left ventricle. Sector scanning can confirm 
the exact location, size and anatomic relations of this 
echo-free space. Contrast echocardiography can aid in 
the identification of the cause of such an echo-free 
space. If a peripheral venous injection into the left arm 
causes opacification of this echo-free space (as well as 
of the right ventricle), the diagnosis of persistent left 
superior vena cava draining into the coronary sinus is 
confirmed. 
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A patient is presented who had two paroxysmal supraventricular tachy- 
cardias, one slow and incessant and the other fast. Both paroxysmal 
tachycardias appeared to be atrioventricular (A-V) reentrant, with an- 
terograde conduction by way of a normal A-V pathway. Two pathways 
conducting in retrograde manner were demonstrated, characterized by 
different conduction times (fast and slow), identical abnormal atrial ac- 
tivation sequence and A-V nodal-like properties (retrograde Wenckebach 
periodicity with rapid ventricular pacing, and depression with ouabain and 
propranolol). Thus, there appeared to be two anomalous A-V bundles with 
nodal-like properties conducting in retrograde fashion. Whether the 
paroxysmal tachycardia was fast or slow depended on which of these 
pathways was utilized. Spontaneous cure of incessant paroxysmal 
tachycardia was observed and coincided with unexplained total loss of 
ability for ventriculoatrial conduction. 


Recent studies demonstrate a reentrant mechanism in most patients with 
recurrent paroxysmal supraventricular tachycardia. ! Electrophysiolo- 
gically characterized pathways participating in these reentrant tachy- 
cardias include the normal atrioventricular (A-V) pathway, accessory 
atrioventricular bundles (Kent bundles), nodoventricular bundles 
(Mahaim fibers) and possible atrionodal tracts (James fibers) .2-8 

In this study, we describe a patient with two recurrent reentrant 
paroxysmal tachycardias, apparently reflecting the presence of dual 
atrioventricular bundles with A-V nodal-like properties conducting in 
retrograde manner. Speculations are presented regarding the anatomic 
basis of these arrhythmias. 


Report of Case 


The patient was a 54 year old man without a previous history of cardiac disease, 
who on December 6, 1977 noted the sudden onset of sustained palpitation. He 
was admitted to a local community hospital where paroxysmal supraventricular 
tachycardia was noted. Despite therapy with digoxin, paroxysmal tachycardia 
was incessant. On December 10 he was transferred to the University of Illinois 
Hospital for further evaluation. 

At the time of admission, the patient was afebrile; blood pressure was 110/60 
mm Hg and the pulse was 110/min. Examination of the cardiovascular system 
revealed no abnormality other than tachycardia. Chest X-ray film revealed a 
normal heart size. An admission 12 lead electrocardiogram was normal except 
for the rhythm disturbance (see later). After control of the arrhythmia, nonin- 
vasive cardiovascular examinations (treadmill test, echocardiography, nuclear 
ventricular angiography) revealed no demonstrable abnormalities. 


162. July 1979 The American Journal of CARDIOLOGY Volume 44 


* Review of Electrocardiograms 


Electrocardiographic monitoring revealed the presence of 
supraventricular tachycardia (rate 115/min) (slow paroxysmal 
tachycardia) with anterograde P waves preceding the QRS 
complexes with a P-R interval of 0.20 second (Fig. 1A). The 
tachycardia was intermittent, being interrupted by occasional 
premature ventricular complexes followed by sinus escape 
beats (Fig. 1C) and also by a faster paroxysmal supraven- 
tricular tachycardia (Fig. 1B). The latter tachycardia had a 
rate of 175/min with anterograde P waves following QRS 
complexes with a P-R interval of 0.26 second (Fig. 1B). 
Twenty-four hour electrocardiographic monitoring revealed 
that the slow paroxysmal tachycardia was incessant, with 
sporadic spontaneous conversions following premature ven- 
tricular contractions. In addition, the fast paroxysmal 
tachycardia occurred on eight occasions lasting from a few 
beats to 10 minutes. 


Electrophysiologic Studies 


Methods: Electrophysiologic studies were performed on 
December 21. All medications were discontinued 72 hours 
before the study. Informed consent was obtained from the 
patient. A hexapolar catheter was introduced through a left 
antecubital vein and positioned at the right ventricular apex. 
The proximal four electrodes were used for high right atrial 
recording and pacing, and subsequently for right atrial map- 
ping. The distal two electrodes were used for ventricular 
stimulation. The catheter was also advanced to the proximal 
right pulmonary artery for recording of left atrial activity. A 
quadripolar catheter was introduced percutaneously through 
a femoral vein and positioned across the triscupid valve for 
recording of His bundle activity. An esophageal electrode was 
positioned at the level of the atrium for posterior atrial map- 
ping. | 

The following stimulation protocol was utilized: (1) in- 
cremental atrial pacing with a cycle length shorter than the 
cycle length of the slow paroxysmal tachycardia; (2) incre- 
mental ventricular pacing with a cycle length shorter than that 
of the slow paroxysmal tachycardia; (3) atrial extra-stimulus 
testing with single and double atrial extrastimuli coupled to 
both the slow and the fast paroxysmal tachycardia; and (4) 
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FIGURE 1. Electrocardiograms showing slow paroxysmal 
tachycardia (A), fast paroxysmal tachycardia (B), termi- 
nation of slow paroxysmal tachycardia after a premature 
ventricular contraction and spontaneous induction of 
tachycardia after single sinus beats (C) and sinus rhythm 
(D). See text for details. 
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ventricular extrastimulus testing coupled to both the slow and 
the fast paroxysmal tachycardia. 

Control recordings: During control recordings three types 
of rhythm were observed: (1) a slow paroxysmal tachycardia — 
(Fig. 2 to 4, 5, A and B and 6); (2) a fast paroxysmal tachy- 
cardia (Fig. 2C, 3, 5, C and D and 6); and (3) occasional single 
sinus beats (Fig. 2B, 3, 4A, 5, B and D). 

The slow paroxysmal tachycardia had a cycle length of 360 
to 480 msec and an anterograde P wave configuration (upright — 
P wave in leads II and III). The A-H interval ranged from 110 
to 150 msec. A-V conduction times ranged from 160 to 200 
msec and the V-A conduction time from 200 to 330 msec. The 
A-V/V-A ratio ranged from 0.43 to 0.75. The fast paroxysmal — 
tachycardia had a cycle length of 310 to 330 msec and an an- | 
terograde P wave configuration (upright P wave in leads II and . 
III). The A-H interval ranged from 160 to 180 msec. The A-V — 
conduction time ranged from 200 to 220 msec and the V-A ~ 
conduction time was 110 msec. The A-V/V-A ratios ranged _ 
from 1.8 to 2. Sporadic sinus beats were seen with an A-H in- | 
terval of 80 msec. The H-V interval was 40 msec for all con- 
ducted beats. 

Atrial activation sequences were mapped utilizing the onset 
of the P wave as time 0. The following atrial activation se- - 
quence was observed during sinus beats (Fig. 3, left): high right _ 
atrial electrogram (10 msec), mid right atrial electrogram (10 
msec), low latera! right atrial electrogram (20 msec), low septal 
right atrial electrogram (His bundle electrogram) (40 msec), 
atrial electrogram recorded from the pulmonary artery (55 . 
msec) and esophageal electrogram (70 msec). The atrial ac- 
tivation sequence during slow and fast paroxysmal tachy- - 
cardia was identical and greatly abnormal (activation was 
somewhat difficult to measure during fast paroxysmal 
tachycardia). During both tachycardias, the atrial activation 
sequence (Fig. 3, middle and right) was observed: pulmonary . 
arterial atrial electrogram (left atrium) (0 msec), high right 
atrial electrogram (20 msec), low septal right atrial electro- 
gram (30 msec) and low lateral right atrial electrogram (45 
msec). 

Stimulation studies: Stimulation studies with incremental 
rapid atrial pacing revealed A-V nodal Wenckebach period- 
icity at a paced cycle length of 316 msec. During atrial ex- 
trastimulus testing coupled to slow paroxysmal tachycardia, - 
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atrial premature beats were conducted with increasing A-V 
nodal delays with a continuous conduction curve. A-V con- 
duction was limited by atrial refractoriness with atrial effec- 
tive and functional refractory periods of 290 and 300 msec, 
respectively. Initiation of fast paroxysmal tachycardia was 
observed with double atrial extrastimuli during slow parox- 
ysmal tachycardia (A-A, interval 330 msec and A,-Ao interval 
290 to 330 msec). This induction of fast paroxysmal tachy- 
cardia was dependent on achievement of a critical A-H in- 
terval of more than 180 msec (Fig. 2, B and C). 


A A-St-340 msec 


FIGURE 2. Airial pacing coupled to the slow paroxysmal tachycardia. 
=lectrocardiographic leads |, II, IIl and V4, high right atrial (HRA) and His 
undle electrograms (HBE) are shown. Atrial electrograms are repre- 
sented by A, His bundle electrograms by H and paced stimuli by St. St,, 
\1, H; and Sto, As and Hp reflect the paced stimulus and atrial and His 
undle electrograms of the first and second coupled stimuli, respec- 
ively, during use of the double extrastimulus technique. Paper speed 
s 100 mm/sec and time lines are at 1 second in this and subsequent 
lustrations. A, a single atrial extrastimulus is introduced during the slow 
achycardia at an A-St interval of 340 msec and the resulting A-V nodal 
'onduction time (A-H interval) is prolonged to 130 msec. B, the atrial 
trastimulus is introduced with increased prematurity and the resulting 
v-H interval is 180 msec. A single A-V reentrant echo of the fast par- 
xysmal tachycardia is noted. C, induction of fast paroxysmal tachy- 
ardia after introduction of double atrial extrastimuli (Sty-Sto). Sto is 
allowed by an A>-Hp interval of 200 msec, which is greater than the 
ritical A-H interval for induction of fast paroxysmal tachycardia (180 
sec). 
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FIGURE 3. Atrial mapping during sinus rhythm (left panel), slow par- 
oxysmal tachycardia (PSVT) (middle panel) and fast paroxysmal 
tachycardia (right panel). Electrocardiographic leads I, II, III, V 4, high 
right atrial (HRA), mid right atrial (MRA) and His bundle electrogram 
(HBE), low lateral right atrial (LLRA) electrogram, pulmonary arterial 
recording (PA) and esophageal (Esoph.) electrogram are shown. Note 
the upright P waves in leads I and IIl and normal depolarization se- 
quence during sinus rhythm, and the upright P waves in leads I! and III 
with abnormal atrial depolarization sequence (pulmonary arterial 
electrogram activated earliest) during slow and fast paroxysmal 
tachycardia. See text for details. 
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pacing was similar to that observed during slow and fast 
paroxysmal tachycardia (Fig. 4 and 5). 

Induction and termination of paroxysmal tachycardia: 
Induction of slow paroxysmal tachycardia was achieved: (1) | 


During ventricular pacing at a paced cycle length of 400 

® msec, two distinct V-A intervals were observed: a short V-A 
interval measuring 170 msec (Fig. 4A) and a long V-A interval 
measuring 340 msec (Fig. 4B). When retrograde conduction 


occurred with a long V-A interval, cessation of ventricular 
pacing always resulted in induction of slow paroxysmal 
tachycardia (Fig. 4, B and C). When retrograde conduction 
occurred with a short V-A interval, cessation of ventricular 
pacing resulted not in induction of paroxysmal tachycardia, 
but in resumption of sinus rhythm for one beat, which was 
followed by spontaneous induction of slow paroxysmal 
tachycardia (Fig. 4A). Retrograde Wenckebach periodicity 
was observed at a paced cycle length of 320 msec (Fig. 4C). 
Coupled ventricular pacing during fast and slow parox- 
ysmal tachycardia resulted in three different responses: (1) 
zone of nonreset (no change) of the atrial cycle length of par- 
oxysmal tachycardia, (2) zone of reset that corresponded to 
shortening of the atrial cycle length in response to the ven- 
tricular beat (Fig. 5, A and C), and (3) retrograde block of the 
premature ventricular beat with cessation of slow paroxysmal 
tachycardia (Fig. 5B) or fast paroxysmal tachycardia (Fig. 5D). 
The retrograde atrial activation sequence during ventricular 


spontaneously after single sinus beats (Fig. 1C, 2B, 4A and 5, 
B and D); (2) after cessation of rapid atrial pacing at all paced 
cycle lengths when the last paced beats were conducted with 
an A-H interval of less than 180 msec; and (3) after cessation 
of ventricular pacing at all paced cycle lengths when the last 
paced beat conducted to the atrium by way of the slow path- 
way (Fig. 4, B and C). Cessation of slow paroxysmal tachy- 
cardia could occur with either conversion to sinus rhythm or 
conversion to fast paroxysmal tachycardia. Conversion to 
sinus rhythm was achieved (1) after cessation of rapid atrial 
pacing during Wenckebach periodicity when pacing was in- 
terrupted at a time when the atrial beat was blocked in the 
A-V node; (2) after coupled atrial pacing with coupled atrial 
extrastimuli to the slow paroxysmal tachycardia when A» was 
blocked in the A-V node; (3) after cessation of rapid ventric- 
ular pacing when retrograde conduction occurred through the 
fast pathway (Fig. 4A); and (4) after coupled ventricular 
pacing to the slow paroxysmal tachycardia when V, was 
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FIGURE 4. Rapid ventricular pacing. Pacing spikes are x [ l ! k Y 
shown by arrows. From top to bottom in each panel, LLRA =~ Ee. ama d a OE GRE a 
electrocardiographic leads |, Il, III and V ; and low lateral A 
right atrial recording (LLRA) and esophageal recording Esonh — aan Anna eee ™ 
(Esoph.). A = atrial electrogram; CL of VP = cycle length | | | 
of ventricular pacing; V-A — ventriculoatrial conduction 
time. A, ventricular pacing at a cycle length of 400 msec. Db CL of VP 4 320 msec. 
The V-A interval is short (170 msec). After cessation of 1 
pacing a single sinus beat is seen, followed by sponta- t 4 4 el 14 4 E 
neous induction of slow paroxysmal tachycardia. B, I | 
ventricular pacing at the identical cycle length (400 msec) 
resulting in a long V-A interval (340 msec). After cessa- Il 
tion of ventricular pacing the slow paroxysmal tachy- 
cardia is induced. C, ventricular pacing at a shorter cycle M | 


length (320 msec) resulting in a retrograde (V-A) 
Wenckebach sequence (retrograde conduction times are 
shown in msec). Note that the fourth paced beat is 
blocked in retrograde fashion. After cessation of ven- 
tricular pacing the slow paroxysmal tachycardia is in- 
duced. 
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blocked in retrograde manner (Fig. 5B). Conversion of slow 
paroxysmal tachycardia to fast paroxysmal tachycardia was 
achieved after coupled atrial pacing with double atrial ex- 
trastimuli when A» was conducted through the A-V node with 
a critical A-H interval of more than 180 msec (Fig. 2C). 
Induction of fast paroxysmal tachycardia was achieved: 
(1) after cessation of rapid atrial pacing at all paced cycle 
lengths when the last atrial paced beat was conducted with 
a critical A-H interval of more than 180 msec; and (2) after 
coupled atrial pacing to the slow paroxysmal tachycardia with 
double atrial extrastimuli, when A» was conducted with a 
critical A-H interval of more than 180 msec (Fig. 3C). Cessa- 
tion of fast paroxysmal tachycardia could occur as a result of 
either conversion to sinus rhythm or conversion to slow par- 
oxysmal tachycardia. Conversion to sinus rhythm was 
achieved: (1) after cessation of rapid atrial pacing during 
Wenckebach periodicity when pacing was interrupted at a 
time that the atrial beat was blocked in the A-V node; (2) after 
coupled atrial pacing to the fast paroxysmal tachycardia when 
As was blocked in the A-V node; and (3) after coupled ven- 
tricular pacing to the fast paroxysmal tachycardia when V, 
was blocked in retrograde fashion (Fig. 5D). Conversion of fast 
paroxysmal tachycardia to slow paroxysmal tachycardia oc- 
curred when retrograde conduction abruptly changed from 
the fast to the retrograde slow pathway (Fig. 6). 
Pharmacologic observations: Propranolol, 7 mg, was 
administered intravenously after control measurements were 
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made. After administration of propranolol, incessant slow 
paroxysmal tachycardia was still present with a cycle length 
of 460 to 570 msec. This lengthening of cycle length was pre- 
dominantly due to prolongation of the V-A interval, which 
increased to 380 msec. The fast paroxysmal tachycardia was 
no longer inducible, and only single atrial echoes occurred 
after achievement of a critical A-H interval of 210 msec. 
Propranolol had the following effects on anterograde eon- 
duction: (1) prolongation of the A-H interval at equivalent 
paced atrial cycle lengths, and (2) increase in the atrial paced 
cycle length for achievement of anterograde Wenekebach 
periodicity to 400 msec. The effect of administration of pro- 
pranolol on retrograde conduction was not tested with ven- 
tricular pacing. 

Ouabain, 0.7 mg, was administered intravenously after 
administration of propranolol. After administration of oua- 
bain, slow paroxysmal tachycardia remained sustained and 
incessant with a cycle length of 460 to 590 msec. Both A-V and 
V-A intervals showed slight prolongation. The fast paroxysmal 
tachycardia could not be induced and only single atrial echoes 
were observed after achievement of the critical A-H interval 
of 220 msec. Ouabain had the following additional effects on 
anterograde conduction: (1) slight prolongation of A-H in- 
terval at equivalent atrial paced rates and (2) development 
of anterograde Wenckebach periodicity at an atrial paced 
cycle length of 450 msec. The effect of ouabain on retrograde 
conduction was manifested by an increase in the ventricular 







FIGURE 5. Ventricular pacing coupled io slow and 
fast paroxysmal tachycardia. From top to bottom in 
each panel, electrocardiographic lead V, and low 
lateral right atrial (LLRA) recording and esophageal 
(Esoph.) recording. Arrows — ventricular premature 
stimulus (Vs); A, = atrial response to the premature 
ventricular impulse (V.). V-V, = interval between the 
last ventricular beat of paroxysmal tachycardia and 
the premature ventricular impulse. A, ventricular 
coupling to slow paroxysmal tachycardia. The ven- 
tricular premature impulse (V,) is introduced at 360 
msec resulting in shortening of the corresponding 
atrial cycle (A-A, interval). B, ventricular premature 
impulse (Vs) coupled to the slow paroxysmal tachy- 
cardia is introduced at 340 msec and is blocked in 
retrograde manner as manifested by the absence of 
an atrial response (A,). Retrograde block of V, is 
followed by cessation of slow paroxysmal tachycardia 
and resumption of sinus rhythm for a single beat. After 
the sinus beat the slow paroxysmal tachycardia is 
spontaneously induced. C, ventricular coupling to fast 
paroxysmal tachycardia. The ventricular premature 
impulse (V,) is introduced at 240 msec resulting in 
shortening of the corresponding atrial cycle (A-A; 
interval). D, ventricular premature impulse coupled 
to the fast paroxysmal tachycardia is intřoduced at 
220 msec and is blocked in retrograde fashion, as 
manifested by the absence of an atrial response (A.). 
Retrograde block of V, is followed by cessation of fast 
paroxysmal tachycardia and resumption of sinus 
rhythm for a single beat. After the sinus beat the slow 
paroxysmal tachycardia is spontaneously induced. 


FIGURE 6. Spontaneous conversion of fast parox- 
ysmal tachycardia to slow paroxysmal tachycardia. 
The first four beats show the fast paroxysmal tachy- 
cardéa as manifested by the location of the atrial 
electrogram (A), which closely follows the QRS 
complex. The fifth beat is blocked in retrograde 
manner in the fast pathway, as manifested by the 
absence of an atrial electrogram (A) immediately after 
the QRS complex. Retrograde conduction occurs 
through the slow pathway and the slow tachycardia 
is induced (beats 6 to 8) as manifested by the location 
of the atrial electrogram that precedes the QRS 
complex. Abbreviations as in Figure 2. 


paced cycle length at which retrograde Wenckebach period- 
icity was achieved from 320 msec (control) to 380 msec (after 
ouabain). 

'The hexapolar catheter was left at the right ventricular apex 
and the patient was returned to the ward. On the second day 
of study (December 22), the patient returned to the cathe- 
terization laboratory while having incessant slow paroxysmal 
tachycardia. 

Procainamide, 750 mg, was administered intravenously. 
After administration of procainamide, sinus rhythm returned 
spontaneously. During normal sinus rhythm, rapid ventricular 
pacing was performed and absence of V-A conduction was 
demonstrated. Fifteen minutes after administration of pro- 
cainamide, the slow tachycardia returned spontaneously. 
This return of paroxysmal tachycardia coincided with re- 
sumption of intact V-A conduction. The cycle length of slow 
paroxysmal tachycardia varied from 490 to 550 msec. During 
atrial extrastimulus testing coupled to slow paroxysmal 
tachycardia, the fast tachycardia could be induced with a 
critical A-H interval of 230 msec. The cycle length of fast 
paroxysmal tachycardia was 360 msec. The patient was re- 
turned to the ward with incessant paroxysmal tachycardia. 

Spontaneous cure of paroxysmal tachycardia: On De- 
cember 23, the patient was brought back to the laboratory with 
normal sinus rhythm (Fig. 1D). During atrial and ventricular 
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pacing, neither slow nor fast paroxysmal tachycardia could 
be induced. During rapid atrial pacing anterograde Wencke- 
bach periodicity developed at a cycle of length of 333 msec. 
During rapid atrial pacing the longest A-V interval was 310 
msec. With the atrial extrastimulus technique coupled to sinus 
beats (cycle length 780 msec) or coupled to atrial driven beats 
with a cycle length of 600 msec, no paroxysmal tachycardia 
could be induced. The longest Ao-V» interval was 230 msec. 
During rapid ventricular and coupled ventricular pacing, no 
V-A conduction could be demonstrated (Fig. 7). The patient 
had no more episodes of paroxysmal tachycardia during 
hospitalization and was discharged without medication. 
During a follow-up period of 7 months, the patient had no 
history of palpitation and two 24-hour Holter recordings re- 
vealed only sinus rhythm. 


Discussion 


Paroxysmal supraventricular tachycardia most 
commonly reflects reentrant mechanisms.! In human 
beings, circus movements may involve conduction 
tissues that are normally present (with or without 
conduction disease) or anomalous connections, or both. 
A number of anomalous conducting structures have 
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FIGURE 7. Ventricular pacing (VP) at a cycle length (CL) of 500 msec. Note the absence of V- A ii lüctton and presence of sinus rhythm after cessation 
of ventricular pacing. RA = right atrial electrogram; other abbreviations as in Figure 4. 
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been described in pathologic studies in human beings.? 
These include accessory atrioventricular muscle bundles 
(Kent bundles) connecting atrial and ventricular 
myocardium, accessory nodoventricular bundles con- 
necting A-V node and ventricular myocardium (Ma- 
haim tracts), and atriofascicular fibers connecting 
atrium and His bundle.? There are also connections 
between atrium and the distal A-V node (James fibers), 
which are normally seen.!? In addition, an accessory A-V 
node and His bundle may sometimes be found in chil- 
dren with congenital heart disease.!! 

Mechanism of reentry in paroxysmal supraven- 
tricular tachycardia: Electrophysiologic studies in 
patients have demonstrated sustained reentry within 
the atria and within the A-V node. A-V nodal reentrance 
is the most common mechanism of paroxysmal tachy- 
cardia, with most such patients having demonstrable 
dual A-V nodal pathways (fast and slow).? Reentry may 
also occur utilizing: (1) normal pathway and accessory 
atrioventricular bundles (which may conduct either 
bidirectionally or unidirectionally)?; (2) dual A-V nodal 
pathways and an accessory A-V muscle bundle (three 
reentrant circuits); (3) normal pathway and several 
accessory A-V muscle bundles (several reentrant cir- 
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cuits)°; and (3) accessory nodoventricular connections 
and accessory A-V muscle bundles.9 z 

In the present case, electrophysiologic studies dem- 
onstrated that both slow and fast paroxysmal tachy- 
cardias were due to reentrant mechanisms. It was shown 
that intact A-V and V-A conduction was necessary for 
the occurrence of paroxysmal tachycardia. Specifieally, 
whenever an atrial premature beat blocked in antero- 
grade fashion in the A-V node or a premature ventric- 
ular beat blocked in retrograde fashion, both slow and 
fast paroxysmal tachycardia terminated. These findings 
exclude abnormal automaticity or atrial reentry as a 
mechanism of paroxysmal tachycardia.! Thus, the slow 
and the fast paroxysmal tachycardia of this case had to 
be due to either A-V nodal reentrance or some other 
A-V reentrant mechanism. 

Mechanisms of fast and slow retrograde con- 
duction: It appeared that a single pathway (A-V 
node-His) was used for anterograde conduction and that 
two pathways were available for retrograde conduction. 
These two retrograde pathways had different conduc- 
tion times (slow and fast), accounting for slow and fast 
paroxysmal tachycardia. The two retrograde pathways 
had identical retrograde atrial activation sequences. 


FIGURE 8. Proposed mechanisms of paroxysmal 
tachycardia. Atr. = atrium; F and S = fast and slow 
pathway, respectively; LBB and RBB = left and right 
bundle branch, respectively; N = A-V node; Vent. = 
ventricle. See text for discussion. 
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These retrograde activation sequences were abnormal 
in that the earliest site of atrial depolarization was re- 
corded from the right pulmonary artery, followed by a 
high to low sequence of activation with upright P waves 
in leads II, III and aVF. These observations suggest that 
retrograde activation did not occur through a normal 
A- node (in fact, retrograde conduction through the 
A-V node was never demonstrated.)!?!? However, 
several findings suggest that A-V nodal-like tissue 
participated in retrograde conduction (particularly over 
the slow pathway): (1) the occurrence of retrograde 
Wenckebach periodicity during rapid ventricular pac- 
ing!^!5; (2) the response to propranolol and ouabain, 
which prolonged retrograde conduction times (slow) and 
increased the cycle length at which retrograde V-A block 
occurred!9.!7: and (3) the propensity to longitudinal 
dissociation (functional or anatomic) into fast and slow 
pathways, the latter being quite slow.? Longitudinal 
dissociation of an anomalous pathway has not previ- 
ously been described. 

Reentrant mechanism in present case: Utilizing 
the known pathologic substrate of reentrance;? the re- 
sults of previously reported electrophysiologic studies 
in patients with paroxysmal tachycardia?? and the 
specific electrophysiologic findings in our case, one 
could postulate several possible mechanisms for the 
occurrence of paroxysmal tachycardia in our patient 
(Fig. 8). These would include (1) reentrant tachycardia 
with anterograde conduction by way of a normal path- 
way and retrograde conduction by way of one longitu- 
dinally dissociated (fast and slow) or two A-V bundles 
with A-V nodal-like properties conducting in retrograde 
fashion with insertion into the anterior left atrium (Fig. 
8A). As a variant of this mechanism, one could postulate 
that there was in addition to the normal pathways an 
accessory A-V node and His bundle conducting in ret- 
rograde fashion, with the A-V node in continuity with 
the atrium and His bundle in continuity with the ven- 
tricle. Longitudinal dissociation of this accessory node 
into fast and slow pathways could explain the demon- 
stration of fast and slow retrograde conduction (Fig. 8A, 
right). All of these mechanisms would be dependent on 
ventricular and atrial muscle being part of the reentrant 
circus movement; (2) anterograde conduction through 
the normal pathway (as stated previously) and retro- 
grade conduction through two atriofascicular tracts (fast 
and slow) conducting in retrograde manner (Fig. 8B, 
left) or one atriofascicular tract with A-V nodal-like 
properties (with longitudinal dissociation of the node 
into slow and fast pathways) (Fig. 8B, right). With this 
type of reentrant circuit, the atrium would be part of the 
reentrant circuit and ventricular muscle would not. This 
mechanism would be impossible to differentiate from 
mechanism 1, unless it could be demonstrated based on 
electrophysiologic study whether conduction through 
the His bundle (without conduction to the ventricles) 
would allow sustaining of circus movement tachycar- 
dias; (3) reentrance depending on a triply dissociated 
A-V node with one pathway utilized for anterograde 
conduction and a longitudinally dissociated second 
pathway (fast and slow) utilized for retrograde con- 
duction. To explain the abnormal retrograde atrial ac- 
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tivation during paroxysmal tachycardia, it would be 
necessary to place this triply dissociated node in an 
ectopic location (Fig. 8C, left) or to utilize atrial-nodal 
tracts with ectopic atrial insertion (not part of the 
reentrant circuit) (Fig. 8C, center), or to utilize atrial- 
nodal tracts with intervening atrium as part of the 
reentrant circuit (Fig. 8C, right). With the triply dis- 
sociated node, one could postulate that reentrance was 
totally intranodal (Fig. 8 A and B). Of all these possible 
mechanisms, we favor the presence of a unidirectionally 
conducting A-V muscle bundle (with longitudinal dis- 
sociation into fast and slow pathways), with A-V nodal 
like properties, as the simplest explanation for tachy- 
cardias in our patient. 

The mechanism of the arrhythmias would be: Sinus 
beats would conduct through the A-V node and His- 
Purkinje system to the ventricles and return to the atria 
by way of both fast and slow pathway A-V bundles. The 
retrograde conduction time through the fast pathway 
would be less than the atrial effective refractory period 
at sinus cycle length and thus the impulse could not 
conduct to the atria. However, the impulse returning 
through the slow pathway would find the atrium re- 
covered, and atrial depolarization by way of the slow 
pathway would occur, perpetuating the presence of slow 
paroxysmal tachycardia. This hypothesis is supported 
by demonstrating that the atrial effective refractory 
period was 290 msec during slow paroxysmal tachy- 
cardia, which is longer than the sum of the A-V interval 
during slow paroxysmal tachycardia and the V-A in- 
terval during fast paroxysmal tachycardia (160 + 100 
= 260 msec). However, if anterograde conduction 
through the A-V node was prolonged (spontaneously or 
with pacing-induced atrial premature beats) so that 
anterograde A-V nodal conduction time would be suf- 
ficiently long for recovery of the atrium, retrograde 
conduction through the fast pathway would initiate the 
fast paroxysmal tachycardia. The fast paroxysmal 
tachycardia would terminate either by blocking in an- 
terograde fashion in the A-V node or by converting back 
to the slow paroxysmal tachycardia. The mechanism of 
conversion would consist of retrograde block in the fast 
pathway or in the atrium with conduction through the 
retrograde slow pathway and resumption of slow par- 
oxysmal tachycardia. 

Mechanism of spontaneous cure: The finding that 
paroxysmal tachycardia in this patient appeared and 
disappeared abruptly needs further discussion. The 
sudden onset of incessant paroxysmal tachycardia and 
its subsequent termination defy rational explanation. 
The abolition of the paroxysmal tachycardia was asso- 
ciated with total loss of ability for retrograde conduction 
(through both slow and fast pathways). Anterograde 
A-V nodal properties remained unchanged. Because we 
have postulated a congenital anatomic substrate for 
paroxysmal tachycardia, some process (unexplained) 
must have allowed these pathways with retrograde 
function to function for several days and then become 
quiescent. Catheter trauma seems unlikely to be re- 
sponsible for the termination of the tachycardia, be- 
cause the termination occurred overnight at a time when 
catheter position was stable. 
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INTRODUCING 
THE 80 MG TABLET 
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(furosemide 


Lasix Tablets Prescribing Guide Usual adult 
daily dose: 20 to 80 mg given in morning. Dos- 
age may be increased by increments of 20 to 40 
mg not sooner than 6 to 8 hours after previous 
dose. May be carefully titrated up to 600 
mg/day in severe clinical edema patients. 
Therapy should be individualized according to 


Impaired renal function—associated with the 
more severe degrees of congestive heart 
failure—can greatly reduce the effectiveness 
of diuretic therapy. What is often required to 
provide effective saluresis for such patients is 
a loop diuretic. 


The new Lasix 80 mg provides a convenient 


In the course of cardiac edema 
a patient may need more 
than the usual 40 mg dose of 
Lasix.® It is for this patient 
that we formulated the new 
Lasix 80 mg tablet. 


dosage unit to achieve the necessary saluresis. 
And, it offers greater patient compliance and 


can result in significant savings. 


patient response. As with any diuretic, electro- 
lyte depletion can occur during therapy with 


furosemide. When doses exceeding 80 mg/day 
are given for prolonged periods, careful 
clinical and laboratory observations are 


recommended. 


Please consult brief summary of prescribing 
information below. 


aan eS a eae ni VO ei ee ee Re Li 


Lasix® (furosemide) 


A brief summary of the Prescribing Informa- 
tion for Lasix (furosemide) Tablets 20, 40 
and 80 mg. 


Warning: Lasix (furosemide) is a potent 
diuretic which, if given in excessive 
amounts, can lead to a profound diuresis 
with water and electrolyte depletion. There- 
fore, careful medical supervision is required, 
and dose anc dose schedule have to be 
adjusted to the individual patient's needs. 


Indications: Edema associated with conges- 
tive heart foilure, cirrhosis of the liver, and 
renai disease. including the nephrotic syn- 
drome. Hypertension when used alone or in 
combination with other antihypertensive 
drugs; patients not adequately controlled 
with thiazides also probably will not be 
adequately controlled with furosemide alone 


Contraindiccrions: Because animal repro- 


ductive studies hove shown that furosemide 
may cause fetal abnormalities, the drug is 
contraindicated in women of childbearing 
potential. Anuria. History of hypersensitivity 
fo the compound. 

Warnings: Excessive diuresis may result in 
dehydration and reduction in blood volume, 
with circulatory collapse and with the 
Possibility of vascular thrombosis anc em- 
bolism, particularly in elderly patients. Ex- 
cessive loss of potassium in patients receiv- 
ing digitalis glycosides may precipitate dig - 
italis toxicity. Exercise care in patients re- 
ceiving potassium-depleting steroids. Per- 
form frequent serum electrolyte, CO2, and 
BUN determinations during firstfew months 
of therapy and periodically thereafter, and 
correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients witn he- 


that may precipitate hepatic coma. Supple- 
mental potassium chloride and. if required, 
an aldosterone antagonist are helpful in pre- 
venting hypokalemia and metabolic al- 
kalosis. Discontinue furosemide if increasing 
azotemio and oliguria occur during treatment 
of severe, progressive renal disease. Observe 
patients regularly for possible blood dys- 
crasias, liver-damage, or other idiosyncratic 
reactions. Patients with known sulfonamide 
sensitivity may show allergic reactions 
Furosemide may potentiate the therapeutic ef- 
fect of other antihypertensive agents. Potenti- 
ation occurs with ganglionic or peripheral od- 
renergic blocking drugs. Exacerbation or ac- 
tivation of systemic lupus erythematosus 
may occur. Furosemide cppeors in breast 
milk. If use of the drug is @ssential, the pa- 
tient should stop nursing Cases of tinnitus 


patic cirrhosis and ascites is best carned out in and reversible hearing impairment nove been 


the hospital. Closely observe cirrhotic patients 
for sudden fluid and electrolyte imbalances 


reported 
There have also been some reports of cases 


in which irreversible hearmg impairment oc- 
curred. Usually ototoxicity has been reported 
when furosemide was injected rapidly in pa- 
tients with sewere impairment of renal func- 
tion at doses exceeding several times the 
usual recommended dose and in whom 
other drugs known to be etotoxic were given 
If the physician elects to use high-dose par- 
enteral therapy in patients with severely im- 
paired renal function, cortrolled intravenous 
infusion is advisable. (For adults, an infusion 
rote not exceeding 4 mg turosemide per 
minute has been used ) 

Precautions: As with any effective diuretic 
electrolyte depletion may occur, especially in 
patients receiving higherdoses and a re- 
stricted salt intake. Patients receiving furo- 
semide should be observed for clinical signs 
of fluid or electrolyte imbalance, namely, 
hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum anc urine electrolyte de- 
terminations are particularly important when 


BECAUSE IN CARDIAC EDEMA... 
THERE IS A POINT AT WHICH A GOOD DRUG 
BECOMES AN INVALUABLE ONE. 
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Introducing the Datascope M/D3. 


It offers the world’s first lithium 
emergency power pack as part of the world’s 
most advanced portable 
defibrillator system ever developed. 


Datascope M/D3 
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Until now, the choice of a 
defibrillator system for the 
hospital was a compromise. 

You could have a 
defibrillator that weighed 35 
pounds or more that functioned 
pretty well on a crash cart. But 
it was a struggle to carry when 
you had to. 

Or you could have a 19 
pound defibrillator system. It 
was certainly lightweight, 
but it deprived you of many 
important features. 

You either had too much of 
one thing or too little of another. 

Now, you can have the 
best of both: the new Datascope 
M/D3. 

The M/D3 is remarkably 
. compact and portable. It 
weighs less than 28 pounds. It 
measures only 13" x 15" x 7%". 
Yet it outperforms any heavy 
defibrillator system. And 
certainly any lightweight. 

To start with, the M/D3 
has the most advanced power 
system ever developed. As you 
might expect, the Datascope 
M/D3 operates on either 
battery or line power. 

But unlike conventional 
systems, the M/D3 puts an end 
to the worry about battery 
failure. Because, in addition to 
having nickel cadmium 
batteries, the M/D3 also has a 
revolutionary back-up battery: 

addiert: A 








the first lithium-powered 
emergency pack. 

We conceived the Lithium 
Emergency Power Pack for that 
emergency when your 
rechargeable batteries are 
unusable, for whatever reason. 
Our lithium pack needs no 
maintenance and remains ready 
for use for five years. We can't 
guarantee that you'll ever use it. 
But we can guarantee you'll be 
glad the first time you do. 

Despite its compactness 
and portability, the M/D3 has 
a scope that measures a full 
5 inches diagonally. The same 
size as you'd find in large 
systems. It has a bright non- 
fade display which you can 
freeze. And a large digital 


Our scope has over 4 times the viewing area of a lightweight. 


display of heart rate. And, 
naturally, it has the quality and 
performance you'd expect 
from the world's largest manu- 
facturer of battery-powered 
monitors. 

Despite its size, the M/D3 
is available in a 500 joule as 
well as a 400 joule version. 
Either model incorporates a 
digital energy meter that 
precisely displays anticipated 
delivered energy. 

Overall, the M/D3 offers 
those innovative details which 
create functional design 
elegance. 

From the way all the oper- 
ating controls are arranged in a 
single plane. 

To the unique, dynamic 
calibration markers on the 









scope that give you an on-going 
indication of the sensitivity of 


the trace. 

To the document switch on 
the paddles which triggers the 
strip chart recorder. To the 
convenient way in which the 
paddles can be removed and 
replaced. 

To the electrode lead fault 
indicator. 

To the manner in which the 
battery pack can 
be rapidly ejected 
for replacement. 
To the fact that 
batteries are 
recharged in less than 5 hours 
instead of the usual 16. 

In short, the M/D3 is the 
most innovative development 
in defibrillator systems today. 

Frankly, there are so many 
exciting features in the M/D3, 
there’s simply not enough 
space to discuss them all here. 
We urge you to see the M/D3 
first-hand. To arrange for a 
demonstration call us at 
201-265-8800. Datascope 
Corp., Box 5-S , Paramus, 

NJ 07652. 

In Europe: Datascope 
B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope M/D3 
Defibrillator System 


® The established use of Isordil in the manage- 
| =". | ment of angina pectoris for more than two 
à decades has often been ascribed only to the vasq; 
: , "EE dilatation it produces in the coronary arteries. 
| SOSOIbI de dinitrate Recent investigations, however, suggest that an 
even more important effect of this agent is to 
dilate peripheral arteries and veins. Arterial dila- 
tation lowers impedance to left ventricu!ar ejec- 
HELPS THE HE ART tion, reducing afterload. Venous dilatation l'eads 
IN THE GONTROL o With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
* sumed by the heart should be decreased. Isordil 
ANGIN A PECTORIS canthus reduce myocardial oxygen requirements 
and relieve or prevent attacks of angina pectoris. 





to venous pooling and a fall in right and left ven- 
tricular filling pressure, thus reducing preload. 
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se Reactions: Gultaneous vastitas with flushing. Headache icom- 
on and may be sevé and persistent. TranSient episodes of dizziness and 
weakness as well ay her signs of cerebral ischemia associated with 
postural hypotensióiT may {ape develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents /An-occasional individual exhibits marked sensitivity to 
the e of nitrite, and severe responses (nausea, vomiting, 


Indications: Based ona review of this drug by the National Academy of 
iences — National Research Council and/or other information, FDA has 
| he indications as follows: 
ably effective: When taken by the sublingual or chewable route, 
Sublingual and Chewable Tablets are indicated for the treatment of 
“anginal attacks and for prophylaxis in situations likely to provoke 
such attacks. * pm | 
"Possibly" effective: When taken by dfe oral route, Isordil is indicated for 
the relief of angina pectoris (pain.ot-éeronary-artery. disease). It is not in- 
tended to abort the acute anginal episode, but is widely regarded as 
useful in the prophylactic treatment of angina pectoris. 
Final classification ef the less-than-effective indications requires further 
investigation. 














weakness, restldsSness, pallor perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug rash 
and/or exfoliativé dermatitis may occasionally occur. 







Consult direction circular before prescribing. 
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revision of a classic dermatology ' 


text... now illustrated in color 


to facilitate accurate diagnosis 
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Joseph W. Burnett, MD 


Professor and Head of Dermatology, 
University of Maryland 
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Professor of Dermatology, 
University of Maryland 


The definitive source for the primary care practitioner 
.. . the indispensible quick reference for the dermatol- 
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328 pages interns 
199 illus. This Second Edition has been completely rewritten 
$38.00 and brought up-to-date with the most modern diagnos- 





overs in 24 Chapters All the Information 


ecessary for Correct Dermatologic Diagnosis 


Part I: General Principles 


Anatomy of Skin 

Physiological and Chemical Functions of the Skin 
Etiology of Dermatoses 

Diagnostic Procedures 

Dermal Histopathology 

Mycology 

Allergy 
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Sexually Transmitted Diseases 

Psychosomatic Medicine Applied to Dermatology 
Principles of Therapy 


Part II: Morphologic Dermatology 


Regional Involvement 

Differential Diagnosis Charts 
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Nail Lesions 

Tropical Diseases 

Peripheral Vascular Diseases 

Some Syndromes of Dermatologic Significance 
Index 


tic and therapeutic techniques, yet it retains the em- 
phasis on conciseness that helped make this work such 
a valuable reference. 

The reader will find the many illustrations particu- 
larly helpful. The inclusion of color, new to this edition, 
demonstrates vividly the dermatologic manifestations 
that are frequently a sequel to underlying abnormalities. 
Every physician confronted with a skin problem will 
welcome this reliable quide for diagnosis. 
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Vhen thallium-201 imaging is indicated: 


IUFFALO, NEW YORK 
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Approximately 30% of patients with docu- 
mented coronary artery disease have false- 
negative stress tests.1.2 Angiography can 


demonstrate clinically significant disease in symp- 


tomatic patients without stress ECG evidence of 
myocardial ischemia...but many physicians do 
not routinely refer these patients for cardiac 
catheterization. In such settings, clinicians can 
appreciate the need for a sensitive noninvasive 
diagnostic alternative to angiography. 


Thallium-201 myocardial imaging, performed 
as an adjunct to stress electrocardiography, can 
reliably detect regions of abnormal myocardial 
perfusion. Intravenously injected thallium-201 is 
taken up like potassium and concentrated most 
avidly by normal, well-perfused myocardial cells. 
Ischemic myocardial cells take up proportionally 
less thallium-201—particularly during maximal 
stress, when the differential in perfusion is most 
marked between regions supplied by normal 
coronary arteries and those supplied by stenotic 
vessels. Routinely available nuclear medicine 
imaging equipment can record these regional 
differences in thallium-201 uptake, thus docu- 
menting the presence or absence of stenotic 
disease, even in the face of a nondiagnostic 
stress ECG. 


When angiography is not clearly the next step, 
consider adding thallium-201 imaging to your 
patients’ stress ECG procedures. A growing body 
of clinical research and experience has 
demonstrated that the thallium-201 study can: 





Normal thallium-201 myocardial perfusion images 
in a 40-year-old man with exertional chest pain and 
1-mm ST depression on stress ECG. Images read as 
"no significant coronary disease; (LAO images: left, 
immediately postexercise; right, 3 hr postexercise.) 





= detect single-vessel disease in advance of 
measurable electrocardiographic evidence” 

= increase the sensitivity and specificity of the 
stress ECG, particularly in patients where ECG 
findings and symptomatology do not agree +56 

= identify those patients with clinically significant 
but ECG-undefined stenotic disease — patients 
who will clearly need angiographic evaluation ® 


Unlike angiography, which displays the static 
anatomic details of the major coronary vessels, 
thestressthallium-201 study directly demonstrates 
regional myocardial blood flow and the cellular 
response to coronary stenosis in a dynamic manner. 
Redistribution of thallium occurs into regions of 
stress-induced reversible ischemia of viable myo- 
cardium, but not into regions of previous scar 
formation. For patients in whom the need for an- 
giography has not clearly been defined, the 
findings of a stress thallium-201 myocardial per- 
fusion study may either rule out significant 
coronary stenosis, or provide a sound clinical basis 
for more invasive diagnostic evaluation.® 


1. Bartel AG et al: Graded exercise stress test in angiographically 
documented coronary artery disease. Circulation 49:348, 1974. 

2. Goldschlager N et al: Treadmill stress tests as indicators of presence 
and severity of coronary artery disease. Ann Intern Med 85:277, 1976. 
3. Bailey IK et al: Thallium-201 myocardial perfusion imaging at rest 
and during exercise. Comparative sensitivity to electrocardiography in 
coronary artery disease. Circulation 55:79, 1977. 

4. Blood DK et al: Comparison of thallium-201 myocardial scans at rest 
with scans four hours after exercise. Circulation 56 (suppl 3):229, 1977. 
5. Raphael LD et al: Thallium exercise myocardial scintigraphy in 
patients with “angina and normal coronary arteriograms" (abs). 
Circulation 53-54 (suppl 2):217, 1976. 

6. Ritchie JL et al: Myocardial imaging with thallium-201 at rest and 
during exercise. Comparison with coronary arteriography and resting 
and stress electrocardiography. Circulation 56:66, 1977. 
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Chioride 
TI 201 








See next page for brief summary of package insert. 


KEY New England Nuclear’ 


iallous Chloride 
201 


r Diagnostic Use November 1977 


ications and Usage: Thallous Chloride T] 201 may be useful in myocardial 
fusion imaging for the diagnosis and localization of myocardial infarction. 
ay also be useful in conjunction with exercise stress testing as an adjunct 
he diagnosis of ischemic heart disease (atherosclerotic coronary artery 
'ase). 
itraindications: None known. 
‘nings: In studying patients in whom myocardial infarction or ischemia is 
wn or suspected, care should be taken to assure continuous clinical moni- 
ng and treatment in accordance with safe, accepted procedure. Exercise 
ss testing should be performed only under the supervision of a qualified 
sician and in a laboratory ic rr with appropriate resuscitation and 
port apparatus. 
illy, examinations using radiopharmaceutical drug products— especially 
e elective in nature—of women of childbearing capability should be 
ormed during the first ten days following the onset of menses. 
cautions: Data are not available concerning the effect of marked alterations 
lood glucose, msulin, or pH (such as is found in diabetes mellitus) on the 
lity of thallium TI 201 scans. Attention is directed to the fact that thallium 
potassium analog, and since the transport of potassium is affected by these 
ors, the possibility exists that the thallium may likewise be affected. 
llous Chloride TI 201, as all radioactive materials, must be handled with care 
used with appropriate safety measures to minimize external radiation 
»sure to clinical personnel. Care should also be taken to minimize radiation 
»sure to patients in a manner consistent with proper patient management. 
E term animal studies have been performed to evaluate carcinogenic 
ntial. 
quate reproduction studies have not been performed in animals to deter- 
e whether this drug affects fertility in males or females, has teratogenic 
ntial, or has other adverse effects on the fetus. Thallous Chloride TI 201 
ild be used in pregnant women only when clearly needed. 
not known whether this drug is excreted in human milk. As ù general rule 
Eee not be undertaken when a patient is administered radioactive 
erial. 
"Ly and effectiveness in children have not been established. 
erse Reactions: Adverse reactions related to use of this agent have not been 
irted to date. 
age and Administration: The recommended adult (70kg) dose of Thallous 
iride T! 201 is 1-1.5mCi. Thallous Chloride TI 201 is intended for intravenous 
ünistration only. 

atients undergoing resting thallium studies, imaging is optimally begun 
tin 10-20 minutes after injection. Several investigators have reported 
roved myocardial-to-background ratios when patients are injected in the 
ing state, in an upright posture, or after briefly ambulating. 
. Fesults with thallium imaging performed in conjunction with exercise 
ss testing appear to be obtained if the thallium is administered when the 
ent reaches maximum stress and when the stress is continued for 30 
nds to one minute after injection. Imaging should begin within ten minutes 
oon sinee target-to-background ratio is optimum by that time. 
ral investigators have reported significant decreases in the target-to-back- 
ind ratios of lesions attributable to transient ischemia by two hours after 
*ompletion of stress testing. 
patient dose should be measured by a suitable radioactivity calibration 
em immediately prior to administration. 
iopharmaceutieals should be used by persons with specific training in the 
use and handling of radionuclides produced by nuclear reactor or particle 
lerator and whose experience and training have been approved by the 
'opriate government agencies authorized to license the use of radionuclides. 
' Supplied: Thallous Chloride T1 201 for intravenous administration is 
lied as a sterile, non-pyrogenic solution containing at calibration time, 
iml of Thallous TI 201, 9mg/ml sodium chloride, and 9mg/ ml of benzyl 
10l. The pH is adjusted to between 4.5-6.5 with hydrochloric acid and/or 
um hydroxide agin Vials are available in the following quantities of 
oactiviLy: 1.5,3.0, 4.5, 6.0, and 9.0 millicuries of Thallous TI 201. 
contents of the vial are radioactive. Adequate shielding and handling 
autions must be maintained. 
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now avaliapie in paperback: 
Laragh's HYPERTENSION MANUAL 


You Can Now Buy This Famous Bestseller 
in Three Convenient Paperback Volumes 
Covering the Major Sections in the Original: 


1. Mechanisms—ciinicai teatures 
and the physiologic and biochemical mecha- 
nisms ef hypertension (Partial Contents) M Arte- 
rial Pressure Regulation, Overriding Dominance 
of the Kidneys in Long-Term Regulation and in 
Hypertension m A Viewpoint ont ar the 
| Enigma of Y: Lig eH im The Control of Renin 
Release m The Control of Aldosterone Secretion 
in Normal and porte Man: Abnormal 
Renin-Aldosterone Patterns in Low Renin Hyper- 
tension I Physiologic Characteristics of Hyper- 
tension B Blood Pressure and Cardiac Per- 
formance m Neurogenic Factors in Human 
Hypertension: Mechanism or Myth? m 


505 pages, 150 figs. and tbls., index, $12.50 


— 42. Methods re methodology in- 
. volved in the evaluation of the physiologic pa- 
. rameters of high blood pressure. @ An Eval- 
— uation of Measurement Performance of Selected 
Blood Pressure Devices m™ Assay of Plasma Cate- 
cholamines. An Approach to Evaluating Altered 
Sympathetic Activity in Essential Hypertension I 
. The Measurement of Plasma Renin Activity in 
_ Man Bi Measurement of Urinary Aldosterone Ex- 
= cretion in Man @ Radioimmunoassay of Plasma 
- Aldosterone @ Searching Out Low Renin Pa- 
tients: Limitations of Some Commonly Used 
Methods 


120 pages, 50 figures and tables, index, $7.50 


~ 3. Renin System, Drug Ther- 





HYPERTENSION apy and Diet re principles of man- 
agement and treatment, including the role of 

RENIN SYSTEM  wenin-aldosterone system in the strategy of 
DRUG THERAPY treatment for high blood pressure. Also in- 
AND DIET cludes special sections of hypertensive drug 


‘therapy and low sodium diet. W Vaso- 
. constriction-Volume Analysis for Understanding 
and Treating Hypertension. The Use of Renin and 
Aldosterone Profiles m The Volume Factor in Low 
and Normal Renin Essential Hypertension. Its 
Treatment with Either Spironolactone or Chlor- 
tnalidone m The Antihypertensive Action of Pro- 
pranolol. Specific Antirenin Responses in High 
and Normal Renin Forms of Essential. Renal, 
Renovascular and Malignant Hypertension NI 
Antihypertensive Drug Therapy m Moderate Low 
Sodium Diet 


105 pages, 25 figures and tables, index, $7.50 


Master Professor of Medicine 

Lirector of the Cardiovascular Center 

Me New York Hospital—Cornell Medical Center 

and Founder of the Hypertension Center 
Columbia-Presbyterian Medical Center, New York, N.Y. 
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Now in NEW 
EFFERVESCENT GRANULES - 


Each packet (2.8 g) provides 20 mEq each of potassium hits 
orm Ex ron = supplied by potassium chloride 1.125 g. potassium 
ate 0.5 g, and L-lysine monohydr ooModde O. 913 g. 


e sparkling fast dissolution— 
ready in seconds instead 
of minutes 


e sugar, sodium, carbohydrate 
and dye free 


e each packet delivers 20 mEq 
of potassium and chloride 


e convenient packets are easy 
to carry in patient's pocket 
or purse 


e mix with water or juice for 
pleasant daily dosage — 
b.i.d. to q.i.d. 


KLORVESS® (potassium chloride) 10% LIQUID - 


offers sparkling good taste for greater patient compliance. 
Delicious cherry-with-pit flavor. And 20 mEq of potassium 
and chloride in each dose (15 ml), alcohol 1%. 


Give your patients the KLORVESS sparkle 


01790 Please see brief summary of prescribing information on adjoining page. 





Give your patients 
the KLORVESS sparkle 


Klorvess? Effervescent Granules and 
Klorvess? (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: K/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-freeeffervescent formulation. Dissolutionofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Kiorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
bv azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 


PRECAUTIONS: Inresponse to arise in the concentration of body 
potassium, renal excretion ofthe ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tessium chloride preparations, patients should dissolve the pack- 
et contents of K/orvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of K/orvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave wil! be noted in AVL 


DOSAGE AND ADMINISTRATION: Kl/lorvess Effervescent 
Granules: Adults — One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 1095 Liquid: Adults—One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications: Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: K/orvess Effervescent Granules— packages of 
30 packets (2.8 g each). K/orvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: Klorvess Effervescent 
Granules— packages of 1000 packets; Klorvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles 


(For complete details, please consult full prescribing information) 


Dorsey 


Division of Sandoz, Inc 
LINCOLN, NEBRASKA 68501 














BRIEF SUMMARY OF PRODUCT INFORMATION 
BALLOON WEDGE PRESSURE CATHETERS 


Indications: For samoline blood for oxygen levels and measuring pressu 

in the right heart, including central venous. right ventricular. pulmonary 
artery, and pulmonary artery wedge pressure. Also indicated in anatomii 
cardiac defect casesto sample blood and measure pressuresin any chamber 
that can be entered from the right heart. Warning: Pulmonary artery pertora 


tion. thrombosis, seamental pulmonary infarction. transient obstrui 

the pulmonary outflow by the inflated balloon. balloon rupture without 
serious sequelae, premature ventricular contractions. and knotting of the 
catheter háve been reported as complications of the use of balloon catheter: 
Balloon rupture with possible latex embolus is a potential complication in 
the use of balloon catheters. Precaution: In pressure monitoring at bedside 
when catheter has beemintroduced in an antecubital vein. patient s arm 
should be immobilized to reduce the possibility of catheter advancement 
to arm motion 


BERMAN ANGIOGRAPHIC CATHETER 


Indications: For use in right-hħheart catheterization tor cardiac angiograpn 
pulmonary angiography and measurement of right-heart and pulmon 
artery pressures. It can be used to inject radiopaque media and measur 
pressures in any chambers and vessels that can be entered from thi 
heart. Warnings: Angiodrams should be done with balloon inflated t 
mize myocardial staining. When injecting radiopaque media. do ni 
stated maximum flow rate-and pressure. Transient obstruction of the 


t 


monary outflow tract. balloon rupture without serious sequelae. premature 
ventricular contractions, and knotting of catheters are reported complication 
Of the use of balloon catheters. Balloon rupture with possible latex embolus 
is a potential complication in the use of balloon catheters. Precaution: Manip 
ulate catheter carefully :and gently to avoid kinking or knotting 


BIPOLAR TEMPORARY PACING W/STYLET AND BALLOON 
TEMPORARY PACING CATHETERS 

Indications: For temporary transvenous cardiac pacing when impulse 
tion or conduction is impaired. Warnings: Myocardial perforation fibril 
and arrhythmia. pulmonary embolism, thrombus formation. and infe 


torr 
( 


general complications of transvenous pacing. Balloon rupture with p 
latex embolus. vessel perforation, and intimal disruption are potential 
plications of use of balloon temporary pacing catheters With the trans 
brachial approach, malpositioning and perforation occur more frequen 
due toarm movement. Pneumothorax. air embolism. and puncture of t 
subclavian artery have been reported with the subclavian approach Pre- 
cautions: Avoid kinking or bending catheter to prevent damage to interi 
wires or occlusion of inflation lumen (in balloon pacing catheter). Mair 
insertion site with regular meticulous redressing performed with asept 
technique. Remove stylet from Bipolar Pacing Catheter after it isin pi 
because leaving stylet in situ increases the potential for perforation 


FOR BALLOON CATHETER USE, IN GENERAL 
General Warnings: Carbon dioxide must be used to inflate balloon ıf ther 
a possibility that balloon rupture would result in air embolism in the left hear 
or systemic circulation Do not inflate balloon beyond stated maximun 
inflation capacity Exercise care when passing catheters in patients with 
bundle-branch block because right bundle-branch block induced by trau 
matic catheter passage could result in complete heart block and asystoli 
General Precautions: Do not use liquids as balloon-inflation media Pas 
catheter with continuous cardiographic monitoring and fluoroscopic guid- 
ance., and confirm final tip position by X-ray. Deflate balloon prior to with- 
drawing catheter to avoid possible valve damage. Use aseptic technique 
throughout procedure All catheters are for single use only. Do not resterili: 
or reuse Federal law (U.S.A ) restricts these devices to sale by or on the 
order of a physician. Contraindication: Not for use except as indicated 

or complete > information. see the package insert. 





Detter cardiac catheter, 
Starts with a built-in fi 


As you can see, the Extracorporeal 
tip is smooth, tapered, unruffled, 
suture free, no wider than the 
catheter itself. The benefits are 
built-in: 

e The introducer is the same size as 
the catheter." Not larger. This 
means a smaller insertion hole 
and less likelihood of trauma and 
intimal damage. And it simplifies 
introducer selection. 

* Less blood is lost. Because the 
introducer is smaller and because 
the catheter fits it snugly the entire 
length of the catheter. 

e Our tapered tip has a larger 
lumen which reduces the likeli- 
hood of clotting and makes it 
easier fo introduce drugs and 
dyes. 

e Asmaller diameter catheter may 
be used, because a larger lumen 


also produces pressure measure- 
mentsof a fidelity tnat can 


be matched only by a larger- 
diameter competitive catheter. 

* The tip is suture-free, eliminating 
clotting caused by the sutures 
irregular surface. 


Beyond the tip, a host 

of other benefits. 

e Inflation is more convenient 
because every Extracorporeal 
balloon catheter is packaged 
with an appropriately sized 
syringe. 

e Pure platinum electrodes for 
better electrical characteristics. 
Blood may alter the conductivity 
properties of stainless steel and 
cause inferior readings. That's 
why our balloon pacing catheters 
employ only inert platinum for 
electrodes. 

° High pressure tubing used in our 
Berman angiographic catheters 
permits higher pressures to be 

ad to acNieve bette e els 


extracorpo 


Extracorporeal Medical Specialties, Inc 
Royal & Ross Roads. King of Prussia. Pa 19406 USA 215-337-2400 


The Extracorporeal built-in tip, 
balloon deflated. 


Other FREERPRESE S bolla: 
fip, balloon deflated. 


when drugs or dye must be injecte 

e More sizes available. Especially in 
Berman angiographic and wedge 
pressure models. And we can 
supply custom catheters, too. 

e Even our package works hard 
for you. Each catheter comes in its 
own sterile peel-pack that stores 
easily and has a fold down tab 
for quick identification. 

e Our new brochure has all the 
facts. Just let us know where you 
are and we'll send you one. Call 
your Extracorporeal representa- 
tive, or write or call us toll free 
800-523-1740. 


re one smal! exception —the Extracorporeal 4F 


ses a 4-1/2 size introducer 


In Europe: Extracorporeal S.A 
ze ^ \A a ala Ch -—— 





For specific ventricular arrhythmias’ 


disopyramide phosphate) | 
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*Indicated for premature ventricular 
contractions (PVCs) ...unifocal, multifocal 
or paired PVCs...episodes of ventricular 
tachycardia. 


Copyright © 1979, Searle Pharmaceuticals Inc 


Particularly well suited to initial therapy 


Demonstrated efficacy 


Intensive clinical studies conducted prior to the 
release of Norpace (disopyramide phosphate) 
established its efficacy as an antiarrhythmic agent. 
And in the short time since its introduction, the 
drug has been employed in thousands of patients— 
most frequently initiated in the hospital, where the 
most challenging, critically ill patients are found. 
Norpace is now regularly prescribed by increasing 
numbers of cardiologists who have given it a 
rapidly expanding base in both hospital and 
outpatient use. 

The efficacy of Norpace, proven in the clinical 
trials and confirmed in the more difficult hospital- 
ized patients, qualifies it for initial therapy in newly 
diagnosed cases of ventricular arrhythmia. Such 
effectiveness was documented during a double- 
blind, multicenter clinical study involving five 
investigators." 





More favorable side-effects profile 


When compared with quinidine sulfate, Norpace 
is notable for its lower incidence of severe side 
effects. These are mainly anticholinergic in nature, 
are usually mild and generally transient. If urinary 
hesitancy or other genitourinary side effects occur, 
they are often dose related and frequently may be 
managed by downward titration of the dose of 
Norpace. Urinary retention, however, may occa- 
sionally occur, particularly in the older patient. 
Males with benign prostatic hypertrophy are at 
particular risk. 

The lupus-like syndrome often associated with 
procainamide therapy has not been seen with 
Norpace, even after several years of continuous 
Norpace therapy. 


Lower dropout rate than quinidine 


Efficacy of Norpace, coupled with its low inci- 
dence of severe side effects, can mean signifi- 
cantly fewer dropouts among your dysrhythmic 
patients. In a clinical study involving 62 patients in 
each treatment group, only 8.196 of patients dis- 
continued Norpace therapy, as compared with 
35.596 who discontinued quinidine. 


High level of compliance 


Even the best medication may not be taken as 
prescribed if it causes problems for the patient. 
With Norpace you are prescribing not only an 
effective medication, but you are prescribing one 
you can be reasonably confident the patient will 
take in accordance with your instructions. 


Important considerations 
when prescribing 
Nor pace (disopyramide phosphate) 


Patients with compromised cardiac function due 
to any cause may experience either hypotension 
or a worsening of cardiac decompensation when 
taking drugs with negative inotropic effects, and 
the physician should be aware of this possibility 
with Norpace. Since Norpace is primarily excreted 
by the kidney, patients with renal impairment will 
require a reduced dosage due to prolongation 
of the effective half-life. 

The dosage of Norpace should be individualized 
for each patient, and the Complete Prescribing 
Information consulted before prescribing. Special 
attention to the sections on Clinical Pharmacology, 
Warnings, and Precautions will be helpful in de- 
termining the proper dosage, particularly for the 
more complex patient. 


Conclusion: Norpace represents a logical choice 
for both initial and maintenance therapy either 
in hospitalized patients or in outpatients. 


Searle Laboratories 
| Division of Searle Pharmaceuticals Inc. 
; Box 5110, Chicago, IL 60680 


“Data on file, Searle Pharmaceuticais Inc. 


Please see the next page for a brief summary of prescribing information 


For specific 
ventricular arrhythmias 





NOPPace 
(disopyramide phosphate) 


Right from the start 


Before prescribing Norpace (disopyramide phosphate), please consult 
current complete prescribing information, a summary of which follows: 


Indications: Norpace is indicated for suppression and prevention of 
recurrence of the following cardiac arrhythmias when they occur singly 
or in combination: unifocal premature (ectopic) ventricular 
contractions; premature (ectopic) ventricular contractions of multifocal 
origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia 
is ordinarily treated with D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias in both 
Cigitalized and nondigitalized patients. It is also equally effective in 
treating primary cardiac arrhythmias and those which occur in 
association with organic heart disease including coronary artery 
disease. Oral Norpace has not been adequately studied in patients with 
acute myocardial infarction or in patients with persistent ventricular 
tachycardia or atrial arrhythmias and is not indicated for arrhythmias 
due to digitalis intoxication. The value of antiarrhythmic drugs in 
preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. 


Contraindications: Cardiogenic shock, preexisting second- or third- 
degree AV block (if no pacemaker is present), or known hypersensitivity 
to the drug. 


Warnings: Severe hypotension has been observed primarily in 
patients with primary cardiomyopathy or inadequately compensated 
congestive heart failure. If hypotension develops Norpace should be 
discontinued promptly unless hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly compensated 
or uncompensated congestive heart failure unless it is exacerbated by 
or caused by an arrhythmia and proper treatment including optimal 
digitalization has been accomplished. |n patients with marginally 
compensated heart failure or with a history of heart failure, Norpace 
may worsen cardiac decompensation. In these patients, progressing 
congestive heart failure should generally be treated with cardiac 
glycosides and diuretics and the course of treatment closely followed. 
Norpace dosage should be reduced or discontinued if adequate 
control of congestive failure is not attained. Patients receiving 
concomitant therapy with more than one antiarrhythmic drug must be 
carefully monitored for serious negative inotropic effects or excessively 
prolonged conduction, evidenced by widening of the QRS complex 
and/or prolongation of the Q-T interval. 

If first-degree heart block develops, the dosage of Norpace should 
be reduced. If the block persists, continuation of Norpace must depend 
upon an assessment of the bemefit versus the risk. Development of 
second- or third-degree AV block or uni-, bi- or trifascicular block 
requires discontinuation of Norpace, unless the ventricular rate is 
adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not be 
used in patients with glaucoma, myasthenia gravis or urinary retention, 
unless adequate overriding measures are taken. 


Precautions: If significant widening (greater than 25%) of the QRS 
complex occurs, Norpace should be discontinued. If Q-T prolongation 
greater than 25% occurs and it-ectopy continues, monitor closely and 
consider discontinuing Norpace. 

Patients with atrial flutter or fibrillation should be digitalized prior to 
Norpace administration to ensure that drug-induced enhancement of 
AV conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. 

The effect of Norpace is presently uncertain in patients with sick 





sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch 
block. 

Patients with myocarditis or other cardiomyopathy may develop 
significant hypotension in response to the usual dosage of Norpace. 

Norpace should be administered cautiously to patients who are 
receiving or who have recently received other antiarrhythmic drugs. 
Excessive widening of the QRS complex and/or prolongation of the Q-T 
interval may occur in such instances. 

Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for 
signs of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit should be corrected before instituting 
Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not been 
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A 46 year old man who had undergone cardiac transplantation 1 year 
previously had progressive congestive heart failure without evidence of 
cardiac rejection. Cardiac catheterization and angiography revealed a 
reduced ejection fraction and cardiac output caused by diffuse left ven- 
tricular hypokinesia, but the epicardial coronary arteries were widely 
patent. The transit time of injected contrast material across the coronary 
arterial tree was greatly slowed. Within a few days cardiogenic shock and 
death occurred. The large epicardial coronary vessels were grossly patent 
at autopsy, although nonstenosing arteriosclerotic plaques were identi- 
fiable histologically. However, intramyocardial vessels showed severe 
arteriosclerotic narrowing, resulting in multiple, diffuse microinfarcts. 


An adequate mass of evidence exists now to prove unequivocally the 
occurrence of myocardial infarction despite normal coronary arterio- 
grams,!-? although opinions to the contrary have been offered.?? Con- 
siderable, in fact exhaustive, speculation has been offered, but the eti- 
ology of such infarction, with rare exceptions,” is entirely undetermined. 
In this report we document the occurrence of occlusive disease of the 
small intramural coronary arteries in the absence of angiographically 
demonstrable epicardial arterial disease with resultant myocardial in- 
farction and death. 


Case History 


A 46 year old man was referred to the Stanford University Medical Center for 
cardiac transplantation. For 9 months before referral he had experienced pro- 
gressive cardiac dilatation and failure without historical or angiographic evidence 
of myocardial infarction or coronary artery disease. Endomyocardial biopsy at 
Stanford was consistent with congestive cardiomyopathy. Cardiac transplan- 
tation was accomplished 2 months after referral. Examination of the excised 
heart confirmed the absence of disease of both epicardial and intramyocardial 
vessels. The findings were consistent with idiopathic myocardial disease. The 
donor heart was obtained from a 19 year old man who had had brain death and 
had no evidence of premortem cardiac disease. At the time of transplantation, 
gross examination of the donor heart showed no abnormal findings, and cardiac 
function after transplantation was normal. The early posttransplant course was 
uncomplicated. Only two episodes of cardiac rejection were documented and 
easily treated. 

One year after transplantation the patient returned for annual investiga- 
tions, and at that time it became clear that congestive heart failure had been 
developing over the past month. He was on maintenance doses of immunosup- 
pressive agents, including prednisone, 20 mg daily, and azathioprine, 200 mg 
daily. The electrocardiogram now revealed a modest decrease in QRS voltage 
as well as a mild left axis shift, prolongation of the P-R interval and S- T segment 
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and T wave changes (Fig. 1). The possibility of acute cardiac 
rejection was entertained and myocardial biopsy performed,’ 
but no histologic evidence of rejection! was found despite 
cardiac enlargement and clinical signs of congestive heart 
failure. Endomyocardial biopsy of both the right and left 
ventricles was repeated but again showed no evidence of acute 
rejection, although ongoing interstitial fibrosis was found on 
this second biopsy. Except for capillaries, small vessels were 
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FIGURE 1. Electrocardiograms taken at full standardization. A, obtained 
3 months after cardiac transplantatiort, demonstrating diffuse S-T 
segment and T wave abnormalities, which are commonly present in 
the electrocardiograms after transplantation. B, taken the day before 
the patient's death. A marked decrease in QRS voltage is apparent. The 
frontal QRS axis has shifted toward the left. The sinus rate has increased 
from 104 to 130 beats/min, and the P-R interval has increased from 
0.15 to 0.27 second. Mild S-T segment elevation is now present in lead 
V, as well as diffuse S-T segment depression. 
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not identified in any of the biopsy specimens. Angiography 
was then undertaken (see later). The left ventricular end- 
diastolic pressure was increased and the cardiac index re- 
duced, but coronary disease was not present. Standard ther- 
apy for congestive heart failure was instituted but the pro- 
gressive deterioration was unrelenting and 1 year and 17 days 
after cardiac transplantation the patient died. 

Angiographic findings: A sinus tachycardia of, 120 
beats/min was present during angiography. The left ventric- 
ulogram revealed moderate left ventricular cavity enlargement 
and diffuse moderately severe left ventricular hypokinesia 
(Fig. 2). Coronary angiography unequivocally demonstrated 
widely patent epicardial coronary vessels. However, with both 
right and left coronary injections, contrast runoff in the distal 
vessels was profoundly delayed beyond the permissible cine 
recording time (Fig. 3 and 4). The small coronary vessels 
usually visible in high quality coronary arteriograms were 
normal. 

Pathologic findings: The heart was edematous and 
weighed 410 g. There was extensive, diffuse recent hemor- 
rhage. The pericardial space was obliterated by mild fibrinous 
adhesions. The epicardial coronary vessels appeared grossly 


FIGURE 2. End-systolic (top) and end-diastolic (bottom) left ventric- 
ulographic frames. There is moderately severe global depression of 
left ventricular contraction. 
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normal. On light microscopy, sections from all four cardiac 5), but no lesions appeared to compromise their luminal di- 
e chambers showed hemorrhage. Infrequent perivascular mo- ameter significantly. Most striking was the severe degree of 
nonuclear cell infiltrates and occasional aggregates of lym- intimal proliferation noted in virtually all of the intramyo- 
phocytes and plasma cells were found in the subendocardium. cardial branches of both coronary arteries seen microscopi- 
Some sections of the anterior descending, left circumflex and cally. In many arteries there was almost total obliteration of 
right coronary arteries showed mild intimal proliferation (Fig. the lumen (Fig. 6). Finally, sections from both ventricles 





FIGURE 3. Right coronary angiogram. A, frame showing the right coronary artery partially opacified at the end of contrast injection. B, a frame taken 
four heartbeats and 2 seconds later. The distal right coronary artery is now fully opacified and contrast agent remains in the more proximal vessel 
(black arrow). C, frame obtained seven heartbeats and 1.5 seconds after B. Contrast agent remains both in the proximal vessel (black arrow) 
and in the distal coronary artery (white arrow). D, obtained after three more heartbeats and 1.6 seconds had passed; considerable contrast material 
is still visible in the proximal right coronary artery a full 5.1 seconds and 10 cardiac contractions after completion of the injection. 
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FIGURE 4. Left coronary angiogram. The left frame shows the opacified left coronary system in the right anterior oblique projection at the completion 
of contrast injection. The right frame shows persistence of contrast medium in both the proximal and dista! left anterior descending system, five 


beats (3.2 seconds) later. 


showed early focal necrosis of myocardial fibers (Fig. 7). Such 
pathologic findings have never been observed by us in over 100 
autopsies of transplanted hearts of human beings. 


Discussion 


Myocardial infarction or necrosis in the absence of 
coronary occlusive disease is a challenging enigma. In 
autopsy cases in which normal coronary arterial anat- 
omy is demonstrated. thromboembolism with subse- 
quent clot lysis, thrombosis in situ with recanalization, 
abnormal affinity of hemoglobin for oxygen,! coronary 
arterial spasm and excessive myocardial oxygen de- 
mand!4? have all been considered potential causes. 
There has been direct and circumstantial evidence to 
support each of these theories, but there has also been 
compelling evidence against each of them. Multiple, 
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FIGURE 5. Mild intimal proliferation in the circumflex branch of the 


left coronary artery. (Hematoxylin-eosin X30, reduced by 33 per- 
cent.) 
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independent causes of nonatherosclerosis-induced 
myocardial infarction are likely. 

Small coronary vessel disease as a cause of myo- 
cardial infarction: In those cases where autopsy has 
not ruled it out an additional etiology has been enter- 
tained: occlusive disease of the small, intramural coro- 
nary arteries. Although a number of disease processes 
may involve the small coronary arteries (systemic vas- 
culitis, amyloidosis, hereditary medial necrosis and 
diabetes mellitus), it is not clear whether any of these 
disorders can so selectively involve the small vessels as 
to result in myocardial infarction with angiographically 
normal epicardial coronary vessels. 

Exclusive involvement of the intramural coronary 
branches has been noted in dogs,'? and descriptions of 
these lesions are strikingly similar to findings in our 





FIGURE 6. A typical intramyocardial artery showing severe athero- 
sclerotic narrowing. Note the marked intimal proliferation with lipid 
deposition (hematoxy!in-eosin X 192, reduced by 33 percent.) 





patient. Similar preferential involvement of the deep 
myocardial vessels has been described in a variety of 
mammals and birds.!4 The etiology of this lesion is un- 
known, but an inflammatory process has been sug- 
gested.!4 Inflammation has previously been considered 
a possible cause of all forms of arteriosclerosis.!° More 
recently, pathologic evidence has been presented of an 
inftammatory lesion of the small coronary vessels in 
patients with large vessel atherosclerosis.!6 It is also 
possible that small vessel coronary disease simply rep- 
resents an unusual manifestation of the same coronary 
atherosclerotic process that involves the larger vessels. 
This appeared to be the case in our patient. 
Coronary artery disease in the transplanted 
heart: This may be the only reported case of fatal small 
vessel coronary arteriopathy associated with a normal 
coronary arteriogram. In addition, it is a special instance 
of this process because it occurred in a transplanted 
heart. Coronary arteriosclerosis of the transplanted 
heart is common, and may be present in some degree in 
20 percent or more of patients within 3 years of trans- 
plantation.!7 Interestingly, a heart recipient's preop- 
erative cardiac diagnosis (end stage coronary artery 
disease versus cardiomyopathy) has no bearing on the 
incidence, nature or severity of this lesion after trans- 
plantation.!’ A reasonable hypothesis holds that coro- 
nary vascular intimal injury, resulting from acute, overt 
rejection or perhaps from a more chronic, clinically in- 
apparent rejection process, renders the coronary vessel 
susceptible to the “normal” atherosclerotic process. 
Although we have seen similar severe small vessel in- 
volvement in two other cardiac grafts and less severe 
involvement in others, proportionately extensive epi- 
cardial vessel involvement, with abnormal coronary 
arteriograms, was present in these cases (unpublished 
observation by Margaret E. Billingham, MD). The small 
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FIGURE 7. Myocardium from the left ventricle, showing early focal 
ischemic necrosis. The muscle fibers are swollen with cross striations 
that are blurred and coarsened and their nuclei have disappeared. A 
large contraction band is present (arrows). Neutrophils are almost 
undetectable in the interstitial tissue. Hematoxylin-eosin X 192, reduced 
by 33 percent.) 
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vessel disease noted in other recipients, aside from this 
patient and the two described earlier, has been minimal, 
nonocclusive and not associated with infarction. It is 
worthwhile noting that our patient did, in fact, have 
atherosclerotic disease involving the proximal epicardial 
vessels. However, that involvement was relatively minor 
and nonocclusive, and therefore was not detected on 
coronary arteriography. It should be noted that epi- 
cardial coronary disease is seen on angiography in ap- 
proximately 20 percent of patients, after cardiac 
transplantation, and can also lead to myocardial in- 
farction. 

Significance of retarded clearance of contrast 
agent on coronary angiography: The only coronary 
angiographic abnormality found in this patient was 
greatly retarded clearance of the contrast agent from the 
coronary vessels. This finding may relate to reduced 
coronary flow, but other explanations are tenable. For 
example, if for some reason the total capacity of the 
transplant recipient's coronary arterial bed was ab- 
normally increased, then flow volume might be normal 
despite a decreased flow velocity. Previous studies in our 
transplant recipients have documented essentially 
normal flow volumes in the resting state.!? However, 
because of total anatomic cardiac denervation, and re- 
sultant removal of resting neural alpha adrenergic 
tone,!? it is in fact plausible that a greater arterial ca- 
pacity is present. This possibility could account for the 
fact that slowed disappearance of contrast medium from 
the coronary arteries has been seen in other transplant 
recipients without large or known small vessel coronary 
disease. Another possible explanation might be the 
existence of abnormal mixing of the contrast agent with 
the transplant recipient's blood, or an affinity of the 
agent for the recipient's coronary vessel wall, although 
there are no data or theories to support these latter two 
speculations. 

Premortem identification of the form of small vessel 
arteriopathy presented herein may be difficult. Our 
findings suggest that a reduced rate of removal of con- 
trast material during angiography from the coronary 
arteries in the absence of proximal stenoses may be a 
clue to the presence of microvascular occlusive disease, 
although the sensitivity and specificity of such a finding 
are untested. It might be possible to detect this lesion 
with endomyocardial biopsy, although arterioles of the 
size affected in our patient are usually not seen in en- 
domyocardial biopsy specimens. 

Clinical implications: It is not known whether there 
is a correlate of the small vessel disease described in our 
case in the nontransplanted, nondenervated heart. 
However, this case serves to demonstrate clearly that 
severe small vessel disease can occur in man in the 
presence of angiographically normal epicardial coronary 
arteries. In addition, our experience with other trans- 
plant patients demonstrates that large vessel involve- 
ment may occur simultaneously with intramural vessel 
disease. Thus, one should recognize this possibility when 
considering patients with “routine” coronary artery 
disease, especially when angiographic and electrocar- 
diographic or historical data conflict. 
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Although postoperative constrictive pericarditis is rare, the diagnosis 
should be considered when unexplained right-sided heart failure develops 
after cardiac surgery. Within a 6 week interval, evidence of constrictive 
pericarditis developed in three patients who had recently undergone 
myocardial revascularization. One patient presented with biventricular 
failure, pericardial effusion and suspected tamponade. Severe constrictive 
pericarditis was demonstrated at subsequent operation. An apparent 
postpericardiotomy syndrome preceded evidence of right heart failure 
in the other two patients. Etiologic considerations include the possibility 
that pericardial irrigation with povidone-iodine (Betadine) solution may 
have contributed to subsequent fibrosis. 


Although constrictive pericarditis is frequently idiopathic, a wide variety 
of causes, including cardiac surgery, have been described.!-? An esti- 
mated 300,000 to 400,000 coronary arterial bypass operations were 
performed from 1967 to 1977 and the number performed annually is now 
thought to approach 100,000.5 Yet to our knowledge, only seven cases 
of overt constrictive pericarditis occurring after heart surgery have been 
reported in English language studies.*-? 

Experience at our institution supports the rarity of this finding; in 
nearly 2,000 cardiac surgical procedures performed in the past 8 years, 
constrictive pericarditis was not recognized as a postoperative compli- 
cation. Recently, however, we encountered three patients (Table I) who 
had evidence of pericardial constriction after myocardial revascular- 
ization. Possible causes of postoperative constrictive pericarditis include 
hemopericardium, mediastinal Plasmanate? infusion, postpericardio- 
tomy syndrome and previous mediastinal irradiation. Review of our three 
cases led us to entertain the possibility of an additional, previously un- 
recognized cause. 


Case Reports 


Case 1: This 54 year old white man, an insurance inspector, had known 
bronchial asthma and coronary artery disease. Coronary arteriography and left 
ventriculography on August 17, 1977 revealed extensive coronary artery disease 
with occlusion of the dominant right coronary artery and severe stenosis of the 
left anterior descending and the obtuse marginal arteries. The left ventricular 
inferior wall was severely hypokinetic and the lateral wall moderately hypo- 
kinetic. Left ventricular diastolic pressures were normal (Table II). Two weeks 
after coronary arteriography myocardial revascularization was performed with 
placement of a sequential saphenous vein graft to the left anterior descending 
and superior obtuse marginal arteries. Myocardial preservation was accom- 
plished by bathing in iced saline solution. The pericardium was irrigated with 
povidone-iodine (Betadine®) solution, diluted approximately 1:20 in isotonic 
saline solution, and was left open before closure of the sternotomy incision. 
Transient S-T segment elevation was observed in the electrocardiogram on the 
Ist postoperative day. The patient's initial postoperative course was otherwise 
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TABLE | 
Clinical Summary of Three Cases 
Case 1 Case 2 Case 3 
Age (yr) & sex 54M 50M 61M 
Vessels diseased on coronary 3 vessels 3 vessels 2 vessels 
angiography 
Course after myocardial Rehospitalized 5 weeks Post pericardiotomy syndrome Mediastinal widening 1 day 


revascularization postoperatively with 
suspected tamponade. 
Pericardial effusion cleared 
with corticosteroids. Severe 
constrictive pericarditis 
confirmed surgically 


early in course. Rehospitalized 
5 weeks postoperatively with 
right heart failure and 
pericardial knock 


postoperatively. Subsequent 
postpericardiotomy syndrome. 
Rehospitalized 4 weeks 
postoperatively with evidence 
of right heart failure. 


Electrocardiography * Low voltage, T wave inversion Widespread Widespread 
T wave inversion T wave inversion 
Chest X-ray film* Cardiomegaly, congestive failure | Normal Left pleural effusion 
Echocardiography * Disappearance of pericardial Suspected Asymmetric septal hypertrophy 
effusion pericardial thickening 
Angiography * All grafts patent All grafts patent All grafts patent 


* Findings near time of postoperative cardiac catheterization. 


uncomplicated, and he was discharged 8 days after operation 
on a regimen of dipyridamole and aspirin. 

Five weeks after operation, he was rehospitalized because 
of severe shortness of breath with chest X-ray and clinical 
findings of biventricular failure. A pericardial friction rub, 
marked jugular venous distension and a 20 mm Hg paradoxic 
pulse suggested cardiac tamponade. An echocardiogram 
demonstrated a moderately large posterior pericardial effu- 
sion. Although the patient was afebrile and had a normal 
erythrocyte sedimentation rate (Zeta sedimentation ratio),? 
a postpericardiotomy syndrome with tamponade was sus- 
pected, and he was treated with digoxin, furosemide and 
prednisone (60 mg/day tapered over several days to 10 mg 
dailv). At the time of discharge 7 weeks after operation, the 
paradoxic pulse had decreased to 10 mm Hg and there had 
been mild reduction of jugular venous distension. However, 
5 days later the patient was again hospitalized because of 
persistent dyspnea and weakness. Marked jugular venous 
distension was again observed and a 10 mm Hg paradoxic 
pulse was noted. No pericardial knock or friction rub was 
detected. The liver was palpable 6 cm below the right costal 
margin, and mild ankle edema was present. The echocardio- 
gram indicated disappearance of the previously demonstrated 
pericardial effusion. The electrocardiogram showed dimin- 
ished QRS voltage, by comparison with the early postoperative 
tracings, and generalized T wave inversion. The chest X-ray 
film revealed moderate cardiomegaly, blunting of both cos- 


tophrenic angles as well as pulmonary vascular congestion 
(Fig. 1). 


Cardiac catheterization on October 31 (2 months after 
operation) revealed severely elevated and virtually equal left 
ventricular diastolic, pulmonary arterial wedge, pulmonary 
arterial diastolic, right ventricular diastolic and right atrial 
pressures. A typical “square root" contour was present in the 
ventricular pressure tracings (Fig. 2), and the aortic pressure 
tracing had a 20 mm Hg paradoxic pulse. The sequential sa- 
phenous vein graft was widely patent. Mild progression of 
disease was noted in the left coronary system, but cid not 
account for deterioration of left ventricular function with 
moderate generalized hypokinesia in addition to the previ- 
ously observed inferior and lateral wall hypokinesia. No 
pericardial calcification was seen. At operation performed 
later the same day, several hours were required for decorti- 
cation of a very adherent and densely fibrous thickened per- 
icardium and epicardial peel. Subsequent histopathologic 
examination of the pericardium disclosed extensive fibrosis, 
chronic inflammatory changes and scattered areas with for- 
eign body-type giant cells. The early postoperative course was 
complicated by congestive heart failure and pulmonary 
edema. On follow-up 10 months after pericardiectomy, the 
patient continued to require furosemide for control of heart 
failure but had a normal jugular venous pressure and no par- 
adoxic pulse. j 


Case 2: This 50 year old white man, a hydraulics technician, 
had an acute anteroseptal myocardial infarction in May 1977. 
Coronary arteriography and left ventricular angiography were 
performed on August 23, 1977 and revealed hypokinesia of the 








TABLE Il 
Comparison of Preoperative (Pre) and Postoperative (Post) Catheterization Data 
Case 1 Case 2 Case 3 
Pre Post Pre Post Pre Post 
LVEF 0.42 0.27 0.51 0.48 0.53 0.41 
Pressures (mm Hg) 
Right atrium 28 11 2 11 
Right ventricle 40/24* 29/15* 25/4 26/13* 
Pulmonary artery 35/22 30/14 25/12 26/13 
Pulmonary arterial 28 15 7 13 
wedge 
Left ventricle 130/12 110/26*! 150/14 130/17* 150/14 108/15* 
Aorta 135/78 110/82' 160/98 132/92 150/95 115/83 





* Plateauing of mid and late diastolic pressures. 
* 20 mm Hg paradoxic pulse. 
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anterolateral and apical left ventricle, occlusion of the left 
anterior descending coronary artery and multiple stenoses of 
the circumflex and right coronary systems. Left ventricular 
diastolic pressures were normal. On September 2, 1977 a sa- 
phenous vein graft was placed to the right coronary artery and 
a sequential graft to the left anterior descending and inferior 
obtuse marginal arteries. Myocardial preservation was ac- 
complished by bathing in iced saline solution. The pericar- 
dium was irrigated with povidone-iodine solution in saline 
solution of approximately 1:20 concentration and was left 
open. The patient's initial postoperative course was uncom- 
plicated. However, on the 3rd postoperative day he experi- 
enced anorexia and nausea and had a temperature of 38°C. 
Results of serum liver function tests became abnormal:— 
Total bilirubin was 2.9 mg/100 ml, direct bilirubin 1 mg/100 
ml, glutamic pyruvate transaminase 327 units (normal 0 to 40 
units), alkaline phosphatase 103 units (normal 30 to 100 units) 
and hepatitis-associated antigen negative. Serial electrocar- 
diograms were not appreciably changed from a preoperative 
tracing. The patient's appetite gradually improved, and an 
intermittent low grade fever cleared in several days. The initial 
postoperative chest X-ray films showed no abnormality, but 
the film obtained 10 days postoperatively revealed a signifi- 
cant increase in cardiac size and a small left pleural effusion. 
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FIGURE 1. Case 1. Chest roentgenogram showing cardiomegaly and 
pulmonary vascular congestion 4 days before pericardiectomy. 
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FIGURE 2. Case 1. Pressure tracings. Top, simultaneous 
right (RV) and left (LV) ventricular pressure tracings 
typical of constrictive pericarditis. Bottom, aortic (AO) ^ 
pressure tracing revealing a prominent paradoxic 
pulse. 1-1 SEC 
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Despite persistence of moderately abnormal serum liver en- 
zymes, the patient was discharged 12 days postoperatively on 
a regimen of dipyridamole and aspirin. A subsequent oral 
cholecystogram demonstrated cholelithiasis. 

Five weeks postoperatively the patient was hospitalized 
in another hospital with a several day history of frank pre- 
tibial, scrotal and presacral edema. The examining physician 
reported elevation of the jugular venous pressure and a third 
heart sound. No paradoxic pulse was detected. The chest 
X-ray film revealed bilateral pleural effusion without pul- 
monary vascular congestion. Serum liver enzyme determi- 
nations and total bilirubin were normal. The patient was 
treated with furosemide, digoxin and prednisone and had an 
8 kg weight loss in 12 days. 

Two months after operation, he returned to this medical 
center for further evaluation. Despite continued use of furo- 
semide, 80 mg each morning, the jugular venous pressure was 
elevated to the angle of the jaw with the patient at 30°. There 
was no paradoxic pulse or peripheral edema, although a 
prominent third heart sound or pericardial knock was present. 
An echocardiogram suggested pericardial thickening but did 
not reveal effusion. The heart size shown in the chest X-ray 
film had returned to normal from that in the film obtained 10 
days postoperatively. Serum enzymes and albumin were 
normal, although total bilirubin was mildly elevated (1.7 
mg/100 ml). 

Cardiac catheterization revealed findings typical of con- 
strictive pericarditis with abnormally elevated and nearly 
equal diastolic pressures in all cardiac chambers. Prominent 
X and Y descents were seen in the right atrial pressure re- 
cording, and the ventricular pressure tracings showed a typical 
“dip and plateau” diastolic pressure contour (Fig. 3), with mid 
and late ventricular diastolic pressures averaging about 15 mm 
Hg (right ventricular systolic pressure 29 mm Hg). Straight- 
ening of the right heart border was demonstrated with right 
atrial angiography. The left ventriculogram was not appre- 
ciably changed from the preoperative study. Coronary arte- 
riography revealed well functioning saphenous vein grafts. 
Although the right coronary arterial stenoses were unchanged, 
there was a striking reduction of right coronary mobility as 
viewed in the right anterior oblique projection with apparent 
fixation of anterior right ventricular branches. Although this 
patient is thought to have moderately severe constrictive 
pericarditis, he is now being treated medically. 


Case 3: This 61 year old white man, a mechanic, had a 1 year 
history of gradually worsening angina and was hospitalized 
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for coronary arteriography. Cardiovascular examination was 
normal except for the presence of a grade 2/6 blowing, non- 
holosystolic apical murmur that did not change significantly 
with the Valsalva maneuver or with inspiration. The chest 
X-ray film revealed borderline cardiomegaly and the elec- 
trocardiogram showed minor nonspecific S- T segment de- 
pression. An echocardiogram demonstrated asymmetric septal 
hypertrophy. Cardiac catheterization and coronary arferi- 
ography, performed on October 4, 1977, revealed two vessel 
coronary artery disease with multiple stenoses of the left an- 
terior descending coronary artery and critical stenosis distally 
in the small but technically dominant right coronary artery. 
Right heart pressures and left ventricular contractions were 
normal, although the left ventricular end-diastolic pressure 
was mildly elevated. No gradient could be demonstrated 
across the left ventricular outflow tract even with provocative 
maneuvers. 

On October 12, 1977 the patient underwent myocardial 
revascularization with placement of saphenous vein grafts 
to the distal right coronary artery and sequentially to the mid 
and distal left anterior descending coronary artery. Myocar- 
dial preservation was accomplished by aortic root infusion of 
an iced dextrose solution followed by topical cooling with iced 
saline solution. The pericardium was irrigated with povi- 
done-iodine in saline solution of approximately 1:20 strength 
and was left open. A chest X-ray film obtained 1 day postop- 
eratively revealed mediastinal widening and cardiomegaly. 
The early postoperative course was complicated by pulmonary 
congestion, left basal atelectasis, a left pleural effusion and 
an intermittent low grade fever. A matching ventilation- 
perfusion defect of the left lung base was revealed in a lung 
scan. The electrocardiegram 3 days after operation was con- 
sistent with pericarditis and showed widespread S- T segment 
elevation not seen in the tracing 1 day after operation. On the 
day of discharge 1 week postoperatively, the lung fields were 
clear to auscultation and the patient was afebrile. 

Four weeks after operation the patient reported the recent 
onset of exertionally induced nausea, chest tightness and 
abdominal distress associated with a low grade fever. He de- 
nied pleuritic pain or recurrence of anginal chest pain. On 
physical examination he was observed to have a heart rate of 
70 beats/min, a blood pressure of 110/80 mm Hg and 6 to 7 mm 
Hg inspiratory decrease in systolic blood pressure. The venous 
pressure was moderately increased with prominent A and V 
waves extending to the angle of the mandible with the patient 
at 30°. Dullness was noted at the left lower lung base and was 


FIGURE 3. Case 2. Pressure tracings. Super- 
imposed right (RV) and left (LV) ventricular 
pressure tracings exhibiting the classic 
"square root" configuration of constrictive 
pericarditis. 
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associated with bronchial breath sounds. Cardiac examination 
was unchanged from the preoperative evaluation. The liver 
was palpable, but it had a normal span and there was no pe- 
ripheral edema. A chest roentgenogram revealed mild cardiac 
enlargement, reduced from that shown in the early postop- 
erative films, and increased size of the left pleural effusion 
with apparently normal pulmonary vasculature. An electro- 
cardiogram showed generalized nonspecific T wave inversion. 
The echocardiogram did not indicate pericardial effusion, but 
again revealed asymmetric septal hypertrophy. The patient 
was treated with digoxin and furosemide, 40 mg daily, and 
after a 3 kg weight loss underwent repeat cardiac catheter- 
ization. 

Pressure data on cardiac catheterization were consistent 
with moderate constrictive pericarditis with nearly equal di- 
astolic pressures in all cardiac chambers (Fig. 4). The mean 
right atrial pressure was 11 mm Hg compared with the pre- 
operative valve of 2 mm Hg. There was an 8 to 10 mm Hg 
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FIGURE 4. Case 3. Pressure tracings. Top, comparison 10 
of the pre- and postoperative right atrial (RA) pressure 

tracings reveals development of equal A and V waves 

with prominent X and Y descents in the postoperative 

tracing. Bottom, postoperative left ventricular diastolic 0 
and right atrial pressures are virtually identical. 
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respiratory variation in the aortic systolic pressure. Right 
atrial angiography revealed straightening of the right heart 
border and left ventricular angiography demonstrated a mild, 
global decrease in left ventricular contractions with an ejection 
fraction of 0.41 compared with the preoperative value of 0.53. 
The parent coronary arteries were not appreciably changed 
from the preoperative study and the saphenous vein bypass 
grafts were widely patent. This patient is not considered to 
have severe constrictive pericarditis and is being treated 
medically. 


Discussion 


Causes of postoperative pericardial adhesions, 
fibrosis and constriction: Although pericardial ad- 
hesions are readily produced by surgical and chemical 
trauma, fibrosis leading to recognized constriction is 
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infrequent and is usually unpredictable.?.!? Approxi- 
mately 50 years ago constrictive pericarditis was pro- 
duced experimentally in dogs by pericardial instillation 
of Dakin’s solution (sodium hypochlorite solution, a 
topical antiseptic).!9!! Dakin’s solution had been de- 
scribed as a treatment for purulent pericarditis, but was 
subsequently shown to produce a hemorrhagic peri- 
carditis in normal animals. Animals surviving intra- 
pericardial instillation of this solution frequently 
manifested constrictive pericarditis in 1 or 2 months. 
In a more recent experiment, intrapericardial injection 
of lipid extract of blood resulted in adhesions and fi- 
brosis.!2 However, only one of six dogs had definite 
constriction. Atraumatic injection of autologous blood 
into the pericardial space is generally not followed by 
appreciable fibrosis, whereas hemopericardium in as- 
sociation with pericardial injury leads to variable fi- 
brosis.'?:14 This synergistic effect has been observed 
after direct mechanical injury and (using a rabbit 
model) after 5 to 7 minutes' drying of the pericardial 
serosal surface with a “gentle” stream of compressed air. 
Of particular interest, in the later experiment, serosal 
drying without addition of blood did not produce ad- 
hesions or fibrosis.!4 

Normal serosal tissue has well demonstrated fibri- 
nolytic activity. Drying of a serosal surface results in loss 
of mesothelial cells lining the surface and total loss of 
fibrinolytic activity. It has been suggested that clotted 
blood may adhere to the denuded, nonfibrinolytic sur- 
face and may subsequently predispose to a granulation 
tissue response and fibrosis.!^ Also, chemical agents 
capable of producing fibrosis (10 percent formalin, 
phenol and nitrogen mustard) and trauma have been 
shown to reduce fibrinolytic activity of pericardium, 
pleura and peritoneum.!? An inference is that this loss 
of fibrinolytic activity contributes to fibrosis. 


It seems probable that the development of post- | 


traumatic and postoperative constrictive pericarditis 
is related to the interaction of more than one etiologic 
factor or process. The extensiveness of serosal inju- 
ry,!>14 the degree and persistence of bleeding,!* ade- 
quacy of fibrinolytic and absorptive mechanisms, *:!^ 
and the occurrence of a postpericardiotomy syndrome! 
may be important variables. In addition, undefined host 
factors may contribute to the unpredictable manner in 
which constrictive pericarditis develops both experi- 
mentally and clinically. In the setting of several inter- 
acting etiologic factors, the contribution of any one 
factor may be obscured, especially if the etiologic rela- 
tion is fairly weak. 

Diagnosis of postoperative pericardial con- 
striction: Undoubtedly, postoperative pericardial 
constriction occasionally goes unrecognized. The diag- 
nosis should be considered in the presence of unex- 
pected postoperative right heart failure—even in the 
presence of cardiomegaly and left heart failure. Con- 
strictive pericarditis is occasionally rapid in onset! and, 
unlike tamponade, is frequently not associated with 
pulsus paradoxus.!^!? Coexistent tamponade may 
confuse the clinical picture.!? Milder forms of pericar- 
dial constriction may be apparent only with provocative 


maneuvers such as volume overload, although such mild 
constrictive pericarditis is of debated clinical signifi- e 
cance.?0.21 

Previously reported cases: Detailed information 
is available in relation to only four of the previously 
reported cases of constrictive pericarditis occurrimg after 
cardiac surgery.* © Three of the patients had pericardial 
constriction after coronary bypass surgery and ‘suc- 
cessful reoperation.^* One patient died of unsuspected 
constrictive pericarditis after aortic and mitral valve 
replacement.? Two patients had evidence of postoper- 
ative mediastinal hemorrhage*®; one had inadvertent 
mediastinal Plasmanate infusion* and a fourth had 
previous mediastinal irradiation, not believed to be of 
etiologic significance.? Three patients, including the 
latter patient, were receiving warfarin on hospital dis- 
charge after operation.* Evidence of pericarditis in the 
postoperative period is described in only two of the 
cases,* but may have been unrecognized in the other 
cases. 

Clinical features of our three cases: Only one of 
our three patients had surgical confirmation of con- 
strictive pericarditis. Right ventricular infarction, re- 
strictive myocardial disease and cardiac tamponade 
may result in constrictive hemodynamics.?? However, 
these patients did not have antecedent restrictive 
myocardial disease and had no clinical or coronary ar- 
teriographic evidence of postoperative right ventricular 
infarction. Pericardial effusions were excluded echo- 
cardiographically. 

Our three patients had evidence of postoperative 
constrictive pericarditis within a 5 week period. This is 
of interest, especially since constrictive pericarditis 
following cardiac surgery had not been previously rec- 
ognized at our institution. While possibly coincidental, 
the temporal proximity of these cases leads to the 
questions of a common etiology. Each of the patients 
had hypothermic myocardial preservation, received one 
or more saphenous vein bypass grafts, had the pericar- 
dium left open, and experienced an uncomplicated in- 
traoperative course. The early postoperative course was 
relatively benign although chest X-ray films in the third 
and least severely affected of these patients showed 
postoperative mediastinal widening suggestive of 
mediastinal accumulation of blood. Subsequently, all 
three patients had manifestations consistent with a 
post-pericardiotomy syndrome. Each of the patients 
was placed on dipyridamole and aspirin at time of dis- 
charge from the hospital. Although the postoperative 
use of dipyridamole and aspirin had been fairly routine 
at our institution during the past several years, the 
possibility exists that these drugs may have contributed 
to subclinical oozing of blood into the pericardium with 
subsequent pericardial fibrosis. 

Role of pericardial irrigation with povidone- 
iodine (Betadine) solution: The pericardium in all 
three patients had been irrigated at the time of surgery 
with povidone-iodine solution in saline solution of ap- 
proximately 1:20 strength. This practice had been ini- 
tiated a few months earlier and was carried out on ap- 
proximately 100 patients to provide improved anti- 
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sepsis. Irrigation of infected mediastinal wounds with 
povidone-iodine solution has been reported,?? and the 
use of povidone-iodine for antisepsis in abdominal 
surgery has been recently reviewed.?* Povidone-iodine 
solution is apparently successful in the treatment of 
mediastinal infections and is effective for prevention 
of peritonitis and abdominal wound infection. Unlike 
antibiotics, povidone-iodine has not been associated 
with the development of bacterial resistance. Most 
antiseptics are capable of injuring normal tissues. Ex- 
perimentally, however, povidone-iodine has been shown 
to have very little tissue toxicity.?»?6 Still, one would 
reasonably wonder about the effects of intrapericardial 
instillation of this chemical. Accordingly, a somewhat 
limited and preliminary investigation at this institution 
was undertaken using an animal model. Under general 
anesthesia six goats had the pericardium exposed and 
one-fourth strength povidone-iodine was injected into 
the pericardial space with a fine gauge needle. Inad- 
vertent intramyocardial injection in one of the animals 
was associated with ventricular arrhythmias. All ani- 
mals survived. Central venous pressure was measured 


weekly during the following 6 weeks and remained 
normal. At 6 weeks the goats underwent a second tho- 
racotomy. Appreciable pericardial fibrosis had devel- 
oped in only the animal which had had traumatic, in- 
tramyocardial injection of povidone-iodine. 

These data suggest that intrapericardial instillation 
of povidone-iodine is well tolerated in instances where 
myocardial and pericardial injury have not occurred. 
However, the experimental model differs from the 
clinical model in which pericardial and epicardial 
trauma with associated bleeding occur invariably. It is 
possible that povidone-iodine in conjunction with 
pericardial trauma and bleeding may predispose to the 
development of constrictive pericarditis. The three 
cases of apparent postoperative constrictive pericarditis 
described in this report lead us to question the advis- 
ability of routine intrapericardial irrigation of this 
substance despite considerable data supporting its be- 
nignity. A randomized, prospective study to further 
ascertain possible clinical effects of such pericardial 
irrigation is probably necessary before final conclusions 
can be made. 
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The pathologic and echocardiographic findings of a massive right coronary 
arterial aneurysm in a 62 year old man are presented. The thrombosed 
aneurysm simulated a cardiac tumor, destroying one pulmonary valve 
cusp. It also caused marked pulmonary stenosis with elongation and 
narrowing of the outflow tract of the right ventricle and fixation of half of 
one cusp of the tricuspid valve. 


Aneurysms of the coronary arteries were once believed to be rare cu- 
riosities. However, the careful work of Daoud et al.! in 1963 revealed that 
these lesions were present in 1.4 percent of 694 consecutive autopsies. 
Falsetti and Carroll? reported an incidence rate of 1.5 percent in 742 
cases. Recently, with use of coronary arteriographic studies, the pre- 
mortem diagnosis of these aneurysms has been more frequent. Thus, 
although only 6 cases were reported before 1970,? Eschar et al.? reviewed 
115 cases in their 1977 case report. We report an additional case in which 
the aneurysmal mass was first seen on M mode echocardiography. Be- 
cause of its massive size and destructiveness, it simulated a neoplastic 
lesion. 


Case Report 


A 62 year old man began to experience breathlessness and peripheral edema 
in October 1977. Over the next 4 months he was admitted to a hospital on mul- 
tiple occasions because of these problems, which progressed despite therapy with 
digitalis glycosides and diuretic drugs. During the 2 months before his admission 
to West Virginia University Hospital, he gained 9 kg and noted marked ab- 
dominal distension, ankle swelling and breathlessness. He had previously worked 
as a coal miner and had smoked two to three packs of cigarettes daily for many 
years but denied more than occasional use of alcoholic beverages. His previous 
history of heart disease included mild hypertension, for which he was treated 
for several years with a thiazide diuretic drug, and rare episodes of exertional 
chest discomfort. 

On physical examination the blood pressure was 100/70 mm Hg, respiratory 
rate 32/min and heart rate 84 beats/min. 'There was prominent distension of the 
neck veins. The carotid pulses were normal. A flat percussion note and rales were 
detected at both lung bases. The cardiac apical impulse was palpated in the fifth 
left intercostal space at the anterior axillary line. A grade 3/6 early systolic 
murmur was heard throughout the precordium but did not radiate into the neck. 
A fourth heart sound was audible. Examination of the abdomen revealed dis- 
tension with shifting dullness and a fluid wave. The liver was pulsatile and had 
a span of 19 cm. The chest roentgenogram disclosed generalized cardiomegaly 
and bilateral pleural effusions. The electrocardiogram revealed normal sinus 
rhythm with an old anteroseptal myocardial infarction. The patient was treated 
with digoxin, diuretic drugs and sublingual isosorbide dinitrate. A paracentesis 
was performed and 1,200 cc of serous fluid was removed, resulting in some relief 
of breathlessness. 

M mode echocardiography demonstrated an abnormal chamber that appeared 
to extend superiorly from a position adjacent to the interventricular septum, 
in the plane of mitral valve visualization, to separate the aortic root 
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FIGURE 1. Left, echocardiographic sweep from the level of the mitral to the aortic valve showing an aneurysm (AN) partially filled with thrombus 
anterior to the aortic root and compressing the right ventricular outflow tract (RVO). Right, schematic diagram of the heart showing the course 
of ultrasonic beams directed through the regions of the mitral and aortic valves, respectively. AV = aortic valve; IVS = interventricular septum; 


LA = left atrium; MV = mitral valve; RV = right ventricle. 


from the pulmonary outflow tract (Fig. 1, left). The right 
ventricular outflow tract was greatly narrowed, measuring 1.2 
cm. In addition, there was paradoxic motion of the interven- 
tricular septum, which appeared to be thickened to 3 cm (Fig. 
2), and a dilated right ventricular cavity measuring 4 cm. A 
tumor originating in the interventricular septum was sus- 
pected and plans were made for cardiac catheterization to 
clarify the need for and feasibility of surgical intervention. 
However, that evening the patient suddenly became hypo- 
tensive and died. 


Autopsy Findings 


The heart weighed 850 g. The left and right ventricular walls 
measured 1.6 and 0.8 cm, respectively, in greatest thickness, 
excluding the papillary muscles. The right ventricle was mi- 
nimally dilated. The aortic, pulmonary, tricuspid and mitral 
valve rings measured 8, 5, 13 and 10 cm, respectively. Mild 
atherosclerosis involved all coronary arteries and the aorta. 
The right coronary ostium was dilated, arose 1 cm below its 
normal anatomic location and measured 1 cm in diameter (Fig. 
3). A massive right coronary arterial aneurysm, partially filled 
with thrombus and measuring 6 by 5 by 7 cm, arose immedi- 
ately beyond the ostium. The wall of the aneurysm was con- 
tinuous with the slightly dilated coronary ostium and ex- 
tended cephalad involving the soft tissue adjacent to the 
proximal pulmonary artery and aorta and caudad to involve 
the basal portion of the interventricular septum. There was 
resultant destruction of one pulmonary valve cusp (Fig. 4, 
left), marked stenosis and cephalad elongation of the right 
ventricular outflow tract, and focal involvement of the right 
atrium with fixation of half of one cusp of the tricuspid valve 
(Fig. 4, right). There was marked anterior septal myocardial 
fibrosis (Fig. 3), and diffuse fibrous pericardial adhesions 
covered the entire epicardial surface. 

One hundred cc of right pleural fluid, 5 liters of ascitic fluid 
and bilateral fibrous pleural adhesions were found. The liver 
weighed 1,250 g and was moderately congested. The spleen 
weighed 200 g. 

Microscopic sections through the coronary orifice showed 
intimal hyperplasia of the aortic endothelium as the sinus of 


July 1979 The American Journal of CARDIOLOGY Volume 44 185 | 








Valsalva approached the coronary ostium. In this area there 
was disarrangement of elastic fibers as they approached the 
ostium and abrupt loss of all elastic tissue less than 1 mm 
distal to the ostium. This area extended down and was con- 
tinuous with the wall of the mural thrombus. There was focal 
calcification in this area. In the central portion of the mural 
thrombus there was amorphous eosinophilic fibrinoid material 
alternating with more peripheral areas of red cells, necrosis 
and acute and chronic inflammation. At the periphery there 
was marked fibrosis, areas of hemosiderin and chronic in- 
flammation. In several peripheral foci atrophic and necrotic 
cardiac muscle bundles were found. These were associated 
with acute and chronic inflammation and interstitial fi- 
brosis. 

In the proximal ventricular septum where the aneurysm 
eroded into the myocardium there was interstial fibrosis and 
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FIGURE 2. Echocardiogram in the plane of the mitral valve (MV) showing 
adjacent echoes from the interventricular septum and the coronary 
arterial aneurysm. RV = right ventricle. 
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muscle atrophy increasing in severity as the aneurysm was 
approached from below (Fig. 3) 


Discussion 


There have been several extensive reviews of coronary 
arterial aneurysms. Two aspects of our case are note- 
worthy—namely, the echocardiographic findings and 
the patient’s clinical presentation. The aneurysm was 
visualized in the M mode echocardiogram, but it was so 
large that there were also echocardiographic findings 
caused by distortion of the cardiac anatomy. Compar- 
ison of the echocardiographic and postmortem cardiac 
findings confirmed that the thrombus-filled aneurysm 
was adjacent to the superior portion of the interven- 
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FIGURE 3. Sagittal section of aneurysm through 
the right coronary arterial ostium (solid arrows), 
including the aortic valve and proximal interven- 
tricular septum. The junction of normal and se- 
verely fibrotic myocardium is superior and to the 
right ef the open arrow. A — aorta. 


tricular septum, causing a thickened appearance of that 
structure seen in Figure 2. The abnormal chamber an- 
terior to the aortic root (Fig. 1, left) represents extension 
of aneurysm superiorly between the aortic root and the 
right ventricular outflow tract. Paradoxical motion of 
the interventricular septum may have been due to fi- 
brosis as seen on autopsy or to volume overload of the 
right ventricle caused by pulmonary or tricuspid valve 
insufficiency, or both. Figure 1, right is a diagrammatic 
representation of the anatomic relation of the aneurysm 
to adjacent structures as the M mode beam scans from 
mitral valve to aortic root regions. The accessibility of 
the aneurysm to the M mode beam is due to its location 
between the root of the aorta and the right ventricular 


FIGURE 4. Left, righ: ventricular outflow 
tract with stenotic pulmonary valve dem- 
onstrating one normal cusp (arrows) and 
destruction of the adjacent cusp by the 
massive aneurysm. Right, mitral valve and 
a portion of the right atrium demonstrating 
focal involvement of the right atrium (solid 
black arrows) with the aneurysm and 
fixation of half of one cusp of the tricuspid 
valve (white arrow ). 


outflow tract. The unusual anatomic course can possibly 
be explained by the very early origin of the aneurysm 
from a low right coronary ostium. 

To our knowledge this is the first reported case of 
coronary arterial aneurysm causing widespread de- 
struction of adjacent cardiac structures and simulating 
the destructiveness of a primary cardiac neoplasm. 
Massive coronary arterial aneurysm can be added to the 
list of possible causes of right ventricular outflow tract 


CORONARY ARTERIAL ANEURYSM—GNEPP ET AL. | 


obstruction, pulmonary and tricuspid insufficiency and 
congestive heart failure. 
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EDITORIALS 


Cellular Calcium and Cardiac Cell Death* 


ARNOLD M. KATZ, MD, FACCT 
HARALD REUTER, MD: 


Farmington, Connecticut 
Bern, Switzerland 


"... constancy of the ‘milieu intérieur’ is essential for a free and in- 
dependent existence.” 
Claude Bernard 


Claude Bernard recognized over a century ago that an 
extracellular environment of constant chemical com- 
position was prerequisite for life outside of the stable 
aquatic environment of the sea. This concept of con- 
stancy of composition extends also to the intracellular 
environment, which can vary only within rather narrow 
limits that are set by the conditions essential for cell 
viability. A major role for the sarcolemma, which sep- 
arates the intracellular and extracellular environment, 
is to maintain the intracellular environment within 
these limits. Nevertheless, it is important to note that 
small variations in this intracellular composition have 
important implications for cell function. For example, 
small fluctuations of intracellular free ionized calcium 
(Ca?*) concentration determine both the contractile 
and the energetic state of the heart. 


Calcium Channels in the Sarcolemma 


The maintenance of a steep concentration gradient 
for ionized calcium across the sarcolemma is one of the 
essential features of viability in the myocardial cell. In 
the resting myocardium, where extracellular Ca?* is in 
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the millimolar (107? M) range, cytosolic Ca?* is ap- 
proximately 1077 M. This Ca?* concentration gradient 
is maintained by the cell membrane, which has a low 
permeability to charged molecules and ions, and by ef- 
fective pump systems that maintain the cytosolic Ca?* 
concentration at these low intracellular levels. 

By an as yet incompletely understood series of reac- 
tions, the passage of an action potential across the sar- 
colemma of the mammalian myocardium leads to a 
transient increase in cytosolic Ca?* to levels approxi- 
mating 107? M. The appearance of Ca?* in the cytosol 
in response to the action potential involves Ca?* release 
from internal stores m the sarcoplasmic reticulum, and 
the entry of a small amount of Ca?* into the cell through 
specialized calcium channels in the sarcolemma. These 
calcium channels carry an inward (depolarizing) current 
into the cell, thus generating the plateau phase of the 
action potential. Caleium channels open and close more 
slowly than those that carry the initial depolarizing 
sodium (Na*) current responsible for the fast upstroke 
of the action potential, and so have been designated 
"slow channels" (see Reference 1 for a recent review of 
the inward membrane currents in the heart). 

Considerable attention has been directed to the 
properties of the slow channels, and to the slow inward 
current that they carry, because Ca?* influx through the 
slow channel has important electric and chemical effects 
on the cardiac cell. In addition to maintaining the pla- 
teau, these electric effects of Ca?* entry include gen- 
eration of pacemaker action potentials in the sinus node, 
atrioventricular nodal conduction and, under pathologic 
conditions, the generation of “‘slow action potentials" 
that may be involved in the pathogenesis of certain 
cardiac arrhythmias. The chemical effects of Ca?* entry 
by way of the slow channel include a contribution to the 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or of the American College of Cardiology. 
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Ca?* stores within the myocardium and a putative link 
in excitation-contraction coupling, the mechanism by 
which the action potential initiates Ca?* release from 
the sarcoplasmic reticulum.? 


High Cellular Ca?* and Cell Death: 
Mechanisms 


» 

The importance of the precise control of the Ca?* 
concentration in the myocardial cell requires that Ca?* 
be excluded from the resting myocardium. A high 
resting level of permeability of the cell membrane to 
Ca?* and the resulting dissipation of the Ca?* gradient 
lead: to myocardial cell death?^? because an uncon- 
trolled rise in cytosolic Ca?* will activate a number of 
energy-consuming reactions, notably those of the car- 
diac contractile proteins and of the mitochondria. The 
resulting fall in cellular adenosine triphosphate (ATP) 
levels will be accentuated if there is concurrent isch- 
emia. A marked decline in intracellular ATP concen- 
tration lessens the ability of the regulatory proteins of 
the contractile apparatus to maintain the myocardium 
at a relaxed state and so leads to the formation of rigor 
bonds between the thick and thin filaments.9 

The mechanism by which the Ca?* that normally 
enters with each action potential is pumped out of the 
myocardium is incompletely understood. However, 
Ca?* efflux must involve the expenditure of energy 
because extracellular Ca?* concentration is much higher 
than that within the cell. Ca?* efflux appears to be ef- 
fected largely by a Na/Ca exchange mechanism in which 
the “downhill” entry of Na* into the myocardial cell is 
coupled to the “uphill” transport of Ca?* from the cy- 
tosol to the extracellular space.’ The energy utilized to 
pump Ca?* out of the cell by this exchange mechanism 
is derived ultimately from ATP hydrolysis by the so- 
dium pump, which actively transports Na* out of the 
cell and so establishes the Na* gradient utilized by the 
Na/Ca exchange. The direct role of ATP in providing 
energy for Na/Ca exchange is unclear, but there is evi- 
dence that this nucleotide can promote Na/Ca exchange 
in the squid axon? and cardiac muscle.? Studies with the 
squid axon suggest that stimulation of Ca?* efflux by 
A'TP does not utilize the chemical energy of the nucle- 
otide, but instead arises from a regulatory role of the 
nucleotide that is independent of its ability to serve as 
an energy donor.? It is not known whether an ATP- 
driven Ca pump—as in erythrocytes!°—exists in the 
myocardial sarcolemma. 

The destructive effects of a marked increase in cy- 
tosolic Ca?* concentration, which appear to be partly 
responsible for cell death in the ischemic myocardium, 
are probably related in part to impairment of the 
mechanism that pumps Ca?* out of the myocardium 
against a large electrochemical gradient. Cell death can 
also result from damage to the membrane barrier that 
normally prevents uncontrolled entry of Ca?* into the 
cell. This line of reasoning has led several investigators 
to test the hypothesis that reduction of Ca?* entry into 
the ischemic myocardium can delay the onset and 
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minimize the extent of cell death in the ischemic myo- 
cardium. 


Role of Beta Blocking Agents in 
Myocardial Ischemia 


Perhaps the most widely used pharmacologic method 
to delay and minimize myocardial cell death in the 
ischemic heart is the administration of beta adrenergic 
blocking agents. These drugs, which inhibit catechol- 
amine binding to beta receptors on the cardiac sarco- 
lemma, greatly reduce the work of the heart. Reduction 
in the rate of chemical energy expenditure associated 
with this negative inotropic effect can prolong the pe- 
riod of viability after aerobic energy production is in- 
hibited. Because catecholamines have an important 
effect of promoting Ca** entry through the slow chan- 
nel,! the negative inotropic mechanism by which beta 
blocking agents aid in the preservation of the ischemic 
myocardium is probably related to their ability to re- 
duce catecholamine activation of Ca?* influx. However, 
beta adrenergic blocking agents have many other effects 
on the myocardial cell; notably, they block the promo- 
tion of anaerobic metabolism by catecholamines. For 
this reason, beta blocking agents do not appear to rep- 
resent ideal agents for clinical use to delay cell death in 
the ischemic heart. 


Role of Calcium Channel Blockers in 
Myocardial Ischemia 


An alternative approach to inhibition of Ca?* entry 
during myocardial ischemia is the use of calcium 
channel blockers.* These drugs inhibit Ca?* entry by 
way of the slow channel, although like other mem- 
brane-active drugs the calcium channel blocking agents 
can have side effects that influence other activities of 
the cardiac sarcolemma. However, these drugs have 
little or no beta blocking activity, and so will not inhibit 
anaerobic ATP production. 

Several groups have explored the use of the calcium 
channel blockers verapamil!!:!? and nifedipine!’ to 
preserve the myocardium during ischemic cardiac arrest 
in the setting of cardiopulmonary bypass. This issue of 
the Journal provides information regarding the poten- 
tial usefulness of diltiazem, another of the calcium 
channel blockers, in minimizing the detrimental effects 
of myocardial ischemia.!* The promising results of these 
initial studies justify further experimental trials of the 
calcium channel blockers. However, the ultimate clinical 
usefulness of these agents must depend on carefully 
controlled clinical trials, in which use of these drugs is 
compared with other approaches to the preservation of 
the myocardium during ischemic cardiac arrest. 


* The term "'calcium antagonist," which has gained wide currency, 
is a misnomer because these agents are known to “antagonize” Ca?* 
only at specific sites in the sarcolemma (the slow channel) and are 
virtually without effects on a wide variety of Ca?*-binding and transport 
systems. For this reason, the term “calcium channel blocker'' is pre- 
ferred. 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and usgless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
contiauing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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ONERE eee aoe 


To be Preceptorships in Cardiology. Arthur 
arranged Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 

ally 

To be Preceptorships in Cardiology. Jules 


arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

AUG. Tutorials in the Tetons: Cardiac Emer- 

25-27 gencies (Fifth Annual). Robert S. Eliot, 
FACC and Alan D. Forker, FACC and 
Gerald L. Wolf, co-directors. Jackson 
Lake Lodge, Moran, WY 

SEPT. Electrocardiography: Core Curriculum 

10-13 and Self-Assessment. Paul L. McHenry, 
FACC, director and Charles Fisch, 
FACC, co-director. Hilton Hotel (Down- 
town, Indianapolis), Indianapolis, IN 

Sept. Electrocardiography: Core Curriculum 

10-13 and Self-Assessment. Arthur Selzer, 
FACC, director. Fairmont Hotel; San 
Francisco, CA 

SEPT. Advanced Echocardiography. Harvey 

17-19 Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and 
Arthur E. Weyman, FACC, co-directors. 
Hyatt Regency Hotel, Indianapolis, IN 

OCT. New Concepts in Management of 

11-13 Congestive Heart Failure. Peter C. 
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DEC. Coronary, Valvular, Hypertensive and 

2-5 Myocardial Heart Diseases: The 
Multi-disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg 
Lodge, Williamsburg, VA 
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LEARNING CENTER: PROGRAM CALENDAR 


The American College of Cardiology's newest department, the Learning 
Center, located at the College's Bethesda Maryland headquarters, began 
operations in October 1977 with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 





a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through December 1979, contact 
Program Coordinator, Learning Center, American College of Cardiology, 


in cárdiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 


9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone 
(301) 897-5400. 


JULY 1979 THROUGH NOVEMBER 1979 





Month/Dates Course Director Title of Program 
July 5-7 G. Charles Oliver, MD, FACC Ambulatory Monitoring and Sudden Death 
Sept. 5-7 J. O'Neal Humphries, MD Coronary Care Units: Management of Patients With Acute Myocardial 
Infarction 
Sept. 10-11 Dan G. McNamara, MD Decisions in Pediatric Cardiology 
Sept. 17-19 Louis Lemberg, MD CCU Update for Nursing Supervisors 
Sept. 24-26 Kenneth M. Rosen, MD Evaluation of Arrhythmias With His Bundle Recording and Stimulation 
Sept. 27-28 Douglas P. Zipes, MD The New Generation Pacemaker 
Oct. 8-11 Leonard S. Dreifus, MD Interpretation and Therapy of Cardiac Arrhythmias 
Oct. 15-17 Marvin Moser, MD Hypertension 
Oct. 29-31 Max Harry Weil, MD Emergency Management of Cardiovascular Crisis 
Nov. 1-3 Barrie Levitt, MD Cardiovascular Pharmacology 
Nov. 28-30 William W. Parmley, MD Non-invasive Cardiovascular Procedure: Sensitivity and Specificity 


29th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Houston, Texas March 9-13, 1980 


Abstracts 
Entries must be postmarked no later than September 17, 1979 


Technical Exhibits 


Deadline for requests for space: October 5, 1979 


Scientific Exhibits 
Deadline for requests for space: October 5, 1979 


Young Investigators’ Awards Competition 
Entries must be postmarked no later than November 1, 1979 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, American College 
of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 
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AMERICAN COLLEGE OF CARDIOLOGY 
Announces ... 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of recuirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status in 
one of the other three membership categories. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 


Advantages to the Affiliate in Training 
1. Subscription to The American Journal of Cardiology, the official journal of the College. 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited registra- 
tion. i 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of the Col- 


lege. 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 
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‘What does this hard driving 
magazine editor 
have in common 

















with this 
chronically 
fatigued 

grandmother? 








Potassium 
depletion. 


The editors hypertension is treated with diuretics, 
and all effective diuretics cause kaliuresis.'-* Even 
potassium-sparing diuretics, at least when com- 
bined with thiazides, may not protect the patient 
from potassium losses.'? Unless she eats the foods it 
takes to replace the losses;? her deficit can only 
grow. Those foods contain an extra 700 or 800 
calories. 

The grandmothers malaise and muscle weakness 
can be early signs of potassium deficit; which can 
accrue from inadequate diet, particularly one high 
in carbohydrates;! purgative habits; ^5? or cortico- 
steroid therapy.  *' 


















E ective potassium 
supplementation 
is required. 


Both the editor and grandmother have a 
need for potassium. Yet safe and effective 
supplementation must be tailored to their 
individual life-styles. Patient compli- 
ance to potassium therapy can help A 
assure a high rate of efficacy, and tv 
compliance is enhanced by dosage 
simplicity, convenience and taste. 
The woman with great demands on 
her time can appreciate the 
convenience of once-a-day dosage 
for her potassium needs ... dosage 
that fits in with her other medication 
schedules. The grandmother needs 
an easy-to-take, good-tasting 

dosage form with GI safety. 


mom 
| ^ 


No potassium supplements meet 


X Varied patient needs better than... 


^ K-LY TE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


The best of taste for over a decade 


K-LY TE DS 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


Convenient once-a-day dosage 


K-LY TE/CL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 
Citrus and Fruit-Punch Flavors 


The easy, tasteful, effervescent way 
when the chloride ion is preferred 


The K-LY TE line...safe and 
effective potassium 
supplementation meeting 
a variety of patient needs 


e Safety of a liquid all the way through the GI tract — no 
reports of GI ulceration in over a decade of use with 
K-LYTE* 

Clinical evidence of efficacy —rapid absorption for 
prompt therapeutic serum levels 

Dosage simplicity and accuracy —convenient efferves- 
cent tablet forms; no mixing or spilling. Easily fits into 
the patients life-style and other medication schedules 
Great taste and a choice of flavors —an aid to patient 
compliance along with a one- or two-tablet-a-day 
dosage regimen 
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*For Prescribing Considerations, please see following page. 











KLYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 


KLYTE DO 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 


KiYTE/GL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 








Safe and effective 
potassium 
supplementation 


meeting a variety 


of patient needs 


© 1979 Mead Johnson & Company * Evansville, Indiana 47721 U.S.A. MJL 9-4416 
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Prescribing Considerations 
Indications: K-LYTE DS, K-LYTE and K-LYTE/CL are oral potassium supplements 
for therapy or prophylaxis of potassium deficiency. They are particularly useful when 
thiazide diuretics, corticosteroids, or severe vomiting and diarrhea cause excessive 
excretory potassium losses; and when dietary potassium is low. Carefully monitored, 
K-LYTE DS, K-LYTE and K-LYTE/CL may also be useful for potassium replacemen 
where digitalis intoxication results in cardiac arrhythmias. 

Contraindications: Impaired renal function with oliguria or azotemia; Addison's dis- 
ease; hyperkalemia from any cause 

Warnings and Precautions: Since the amount of potassium deficiency may be difficul 
to determine accurately, supplements should be administered with caution, and dos- 
ages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxi- 
cation are variable. They include listlessness, mental confusion, and tingling of the 
extremities. Frequent checks of the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypokalemia, attention should also be 
directed toward other potential electrolyte disturbances. Potassium supplements 
should be given cautiously to digitalized patients and such patients should be moni- 
tored by ECG for cardiac irregularities. To minimize the possibility of gastrointestinz 
irritation associated with the oral ingestion of concentrated potassium salt prepara- 
tions, patients should be carefully directed to dissolve each dose completely in the 
stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may oc- 
cur with the use of potassium salts. 

Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 m Eq potassium) com- 
pletely dissolved in 6 to 8 ounces of cold or ice water, 1 to 2 times daily; 1 K-LYTE 
tablet (25 mEq potassium) completely dissolved in 3 to 4 ounces of cold or ice water, 
2 to 4 times daily; 1 K-LYTE/CL tablet (25 mEq potassium chloride) completely dis- 
solved in 3 to 4 ounces of cold or ice water, 2 to 4 times daily. NOTE: It is suggested 
that K-LYTE DS, K-LYTE and K-LYTE/CL be taken with meals and sipped slowly 
over a5 to 10 minute period. 

How Supplied: K-LYTE DS effervescent tablets (orange or lime flavors) are availabl 
in cartons of 30. K-LYTE effervescent tablets (orange or lime flavors) are available in 
cartons of 30 and 250. K-LYTE/CL effervescent tablets (fruit punch and citrus) are 
available in cartons of 30 and 250. All tablets are individually foil wrapped. 


























References: 1. Buckalew VM, Harris TR, Kassirer JP, et al: Potassium balance: walking the mE« 
tightrope. Patient Care 9:20— 69, 1975. 2. Morrelli HF, Brater DC, Cohen M. et al: In digitalize 
patients: how serum K* can fool vou. Curr Prescrib 4:76—85, 1978. 3. Kosman ME: Managemet 
of potassium problems during long-term diuretic therapy. JAMA 230:743— 745, 1975. 4. New- 
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Drug-induced hypokalemia. Am J Dis Child 130:1055— 1056, 1976. 7. Duke M: Thiazide-inducec 
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239:43— 45, 1978. 8. Hall WD: Clinical use of diuretics in congestive heart failure. Med Times 
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sodium depletion and hyperreninemiw effects of potassium and sodium replacement on the 
renin-angiotensin-aldosterone svstem. Ann Intern Med 83:60-62, 1975. 
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A continuing educational series in Nuclear Cardiology 








Q. 


A. 


The interview excerpted here was 
conducted with Glen W. Hamilton, 
M.D., Chief, Nuclear Medicine 
Section, Veteran's Administration 
Hospital, Seattle, Washington. Dr. 
Hamilton is also an Associate Pro- 
fessor of Medicine, University of 
Washington School of Medicine. 


Of the nuclear cardiology studies available in 
clinical practice today, which are the most dif- 
ficult to interpret? 


Thallium images are probably the most difficult 
to interpret, and pyrophosphate are probably the 
next. In about 60% of all abnormal studies, the 
abnormality is quite obvious. The remaining 40% 
are quite difficult to read. As the physician gains 
experience, he will be able to read about half of 
those with confidence, but about 20% of all thal- 
lium studies remain difficult to interpret. Ex- 
perienced observers will have legitimate disagree- 
ment as to whether a given study is normal or 
abnormal. 


. Which of these tests are generally the best in the 


assessment of left ventricular function? Is this 
also the best study for assessing wall motion? 


. The multiple gated blood pool study yields the 


greatest clinical information compared to the diffi- 
culty of performing the test and, therefore, is the 
one we use in our clinical practice when we wish 
to assess a patient's ventricular function. The best 
study for assessing wall motion is probably the 
multiple gated study. It is not perfect, in that the 
right ventricle and the left ventricle overlap in 
all but the LAO view...but for most laboratories 
it is the most practical way to assess wall motion. 


. What studies would you recommend to a nuclear 


physician or cardiologist beginning nuclear 
cardiology in a community hospital? 


. I would recommend two studies: multiple gated 


blood pool studies, and thallium imaging. The 
ventricular function measurements obtained from 
multiple gated studies are useful not only in pa- 
tients who have suspected coronary disease, but 
also in a wide variety of other patients, such as 
people with lung disease, older patients who have 
undetected ventricular dysfunction, or presurgi- 
cal patients. Clearly, this is going to be the larg- 
est volume study, and that's the place where they 
should start. After doing resting ventricular func- 
tion studies, they should progress to thallium 
imaging. Six months from now, there should be 
enough data available on rest/exercise ventricu- 


> © 


lar function studies using multiple gated imaging 
to indicate whether this technique is of general 
usefulness. 


. Which studies are most difficult to perform? 
. Pyrophosphate studies are obviously the simplest 


to perform. The multiple gated blood pool study 
is performed quite simply. However, the equip- 
ment required is not present in every laboratory 
at the present time. Thallium, being a less ideal 
isotope, is probably the most difficult study, in 
terms of the technique required to achieve good 
diagnostic results. 


. What may be the single most important use of 


these nuclear cardiology studies in five years? 


. First, I’m confident we will be noninvasively mea- 


suring ventricular function in a wide range of 
patients with various disease states — coronary 
artery disease, cardiomyopathy, chronic lung dis- 
ease, valvular heart disease and many others. We 
will be able to follow these patients, correctly se- 
lect the optimal time for surgical intervention, and 
alter medical therapy so that treatment is optimal. 
There’s no question that this will happen. 
Secondly, if these tests turn out to be quite sensi- 
tive for the detection of coronary artery disease 
in its early presymptomatic stages, it may be 
possible to alter that disease by various inter- 
ventions. This could become a very important 
national endeavor which could have far-ranging 
effects on health in this country. 


. How widespread do you see these techniques 


becoming? 


. The need for studies of ventricular function will 


be comparable to the need for lung or bone scans. 
I really expect that most existing nuclear medicine 
laboratories, and, generally any hospital of two or 
three hundred beds, will be able to perform ven- 
tricular function studies within the next several 
years. 


For the complete transcript of this interview with 
Dr. Hamilton, write Inner-View, General Electric 
Company, Medical Systems Division, P.O. Box 
414 (Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 
a leading medical center show a 
you how to use the most current 
chemotherapeutic agents 





INTERMEDICS 
ancer” E PULSE GENERATORS 


INDICATIONS FOR USE Implantable car- 
diac pulse generators may be indicated 


emotherapy~ for long-term treatment of impulse forma- 


tion or conduction disorders resulting in 





At last a way to keep up with the bewildering prolifera- symptomatic bradyarrhythmias, tachyar- 
tion of new chemotherapeutic drugs which have thythmias, and heart block unresponsive 
come into use relatively recently. This just published to drug therapy. 

guide will be valuable to every hospital, and every on- PRECAUTIONS Implanted pacemakers 
cology specialist, genera! internist, clinical pharma- have a finite and relatively wide variable 


service life as a result of factors such as the 


cist, and nurse oncologist. initial capacity of the battery and the shelf 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a storage time of the manufactured pace- 
concise, readily understandable "how to" manual. maker, variations in electrode system resis- 
Developed originally for staff use at The New York tances, stimulction rate, and the percentage 
Hospital-Cornell Medical Center, the concept proved of time the implanted pacemaker is inhib- 
so successful it was decided to make it available to ited; and random electronic component 
other professionals. The new users of the SYNOP- failures. 

SIS have the advantage of a proven, time-tested Pacemaker operation can be influenced 
learning system. It is written in a unique, compact by electric, magnetic, or electromagnetic 


energy mimicking normal cardiac activity. 
In addition, certain environmental sources 
can couple sufficient energy into a pace- 


work-book style to keep reading time to a minimum. 


The reader can quickly find the 
following for both commercially 





j . SILVER, MD, F.A.C.P., FA.B.C.O x 
available and investigational RICHARD Ji. Ms Noone i ahalogy | maker system to damage the pulse gener 
drugs: Clinical Professor of Medicine, Cornell University Medical ator. Specifically, diathermy should not be 

e Structure College. Attending Physician, New York Hospital, Exec 

b Mchanism of Action Officer, Cancer & Leukemia Group B. used on pacemaker patients because of 

e Pharmacokinetics R. DAVID LAUPER, Pharm.D. possible total inhibition of the pulse 

: ; d ti nd information, armac : Pat yr 

ey Dept. Mea Rix Hosp Dore Medica Conte. 7 generator; electrocautery can inhibit 

. era 

n iiaia CHARLES I. JAROWSKI, MD and/or damage the pacemaker as well as 
Instructor in Medicine, Cornell University Medical College. i . i 
Senior Chemotherapy Fellow, Div. of Hematology-Oncology. cause burns or possible ventricular fibrilla- 


The chemotherapeutic agents in 
the main listing section cover 
these categories: ea cm LER ULT NEUTRO D Eu ORA cic P CERE ur o. l0] 


* Alkylating Agents 


The New York Hospital 


tion; defibrillation can damage the 
pacemaker, and the presence of the 





© Antmetabolites Use it for 30 days—FREE pacemaker may cause increased cardiac 
* Mitotic Inhibitors Refer to it for chemotherapeutic drug information for a full muscle damage from defibrillation. Cer- 
* Antibiotics month. Then keep the book only if you want it for permanent tain electrical and gasoline-powered 
® Miscellaneous (includes such reference. Otherwise simply return it and owe nothing. You i 3 E 
drugs as Mithramycin, have nothing to lose and a whole world of valuable life-saving appliances can cause inhibition of an 


knowledge to gain. Order right now! 
Mitotane, etc.) 9 9 3 


implanted cardiac pacemaker system. 

For complete precautions, see the Physi- 
cian's Manual for the Intermedics cardiac 
pulse generctor to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to 
the use of pacemakers as a medical 
method for control of heart rate. Body 
rejection phenomena, local tissue reaction 
Or skin necrosis, muscle and nerve stimula- 
tion, embolism, and cardicc tamponade 
have been reported. 


A- Intermedics lnc. 


P.O. Box 617 Freeport, Texas 77541 


YORKE MEDICAL BOOKS AJC-7/79 
666 Fifth Ave., New York, N.Y. 10019 


YES! Please send me a copy of ASYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and # not completely satisfied, return it 
for full credit or refund. 


O Payment enclosed, publisher pays shipping cost. 


Name 


Address 





City A —-— CE—«OX Ss Zip 
New York State residents add applicable sales tax 
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Cardiac Pacing 





+. RELIABILITY 








nterLith-RP. The reliable response to changing 


ate requirements. 


Now InterLith-RP combines a fail-safe rate program- 
hing system with the pacemaker reliability that has 
stablished Intermedics as aleader in the pacemaker 
)dustry. 

With a cumulative survival rate at twenty months of 
?.7%, the outstanding reliability of the InterLith-RP is 
ipported by Intermedics' Patient Lifetime Replacement 
greement. 

All InterLith-RP components are selected for superior 
ngevity and high reliability. This rate-programmable 
acemaker employs the same dependable CMOS cir- 

itry and lithium-iodine power source which have prov- 
successful in other Intermedics pulse generators. 

The InterLith-RP combines rate programmability with 

ermedics pacemaker reliability to give you control 
d confidence in yourheart pacing decisions. 


Reliability isjust one important reason to put your 
infidence in the InterLith-RP 


erLith? is a registered trademark of Intermedics, Inc., Freeport, TX. 
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Our business is life. 


THE 
PRE-EXCITATION SYNDROME: 
FACTS AND THEORIES 


LIBI SHERF, MD 
HENRY N. NEUFELD, MD 


LS | 


YORKE MEDICAL BOOKS 


Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 9 
drome. Here Are Just a Few Reasons Why This is so Essential: 


© ¥ of all pre-excitation cases are misdiagnosed. 

© 5% to 10% of all tachycardias in adults are produced by pre-excitation. 

G In % of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 

G 1% to Y2 of all children with pre-excitation have an additional heart dis- 





Announcing 
the comprehensive study of... 
the most fascinating syndrome 


in Cardiology... 
" THE 


PRE-EXCITATION SYNDROME: 


FACTS AND THEORIES 
Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, Tel 
Hashomer, Univer. of Tel Aviv—Sackler School of Medicine, and Visiting Assoc. 
Professor, Dept. of Medicine, Umversity of Alabama 

Henry N. Neufeld, MD, FACC 

Professor of Medicine and Chaim Sheba Professor of Cardiologv, Chief Heart 
institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Te! 
Aviv—Sackler School of Medicine 


$33.00 SEPTEMBER 1978, 288 PAGES, 110 ILLUS, 1,000 REF. 


The 13 Chapters Are a Comprehensive Summary 


1. General Considerations 

. The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 

3. The Electrocardiogram in the Pre-excitation 

Syndrome: Disturbances of Rate and Rhythm 

4. Pathology 

5. Noninvasive Methods of Investigation 

6. Invasive Methods of Investigation 

7 

8 

9 


ease . Prognosis 
Morro : e . Treatment 
Starting with Wolff, Parkinson and White's classic paper, this book gives a ` Problems of Diagnosis — Some Illustrative 
comprehensive summary of all important facts of pre-excitation, plus the Cases 
authors’ personal experiences of follow-up studies of patients through 10. Summary of Findings and Theories of Pre- 


many decades. It also brings a broad view of the literature and discusses 


excitation Syndrome 


the different structural and physiological aspects which form the 11. Conceot of Interacting Structural and Func- 


pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and comprehensive analysis of 


tional Factors 
12. Explanation. of Some Phenomena of the Pre- 
excitation Syndrome by the Proposed Concept 


virtually all currently available knowledge on the subject. This is done with an admirable 13. Various QRS Patterns in the Different Forms 


even-handedness, dealing objectively with all viewpoints but at the same time eval- 


of Pre-excitation 


uating relative strengths and weaknesses of each observation and hypothesis. There is 
brought a wisdom here which only time and experience can provide. The encyclopedic 


references alone would make the book invaluable to anyone seriously interested in the 
Wolff-Parkinson- White syndrome. But when knowledgeable discussion and personal 
observations are added, it is genuinely a monumental contribution to clinical cardiology 


and cardiac electrophysiology. " 
Thomas N. James, MD 


Obtain your copy of 
THE PRE-EXCITATION SYNDROME 
on approval for 30 days 


The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Department of Medicine, 
The University of Alabama in Birmingham, 
and Physician-in-Chief, University of Alabama Hospitals 


by sending in 
the order form TODAY 











Yorke Medical Books 
666 FIFTH AVENUE, NEW YORK, N.Y. 10019 


Please send me a copy cf THE PRE-EXCITATION SYN- 
DROME at $33.00. | may use the book for 30 days and if 
not completely satisfied, return it for full credit or refund. 


AJC-7/79 


O Bill me plus cost of shipping 
O Payment enclosed, publisher pays for shipping 


O Charge my credit card Expire date 
O MasterCharge O Visa 
Card No. 


New York residents add sales tax. Outside Western Hemisphere prepay in 
U.S. funds or charge to credit card and add $5.00 per copy 
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ve patients eligible for therapy with Catapres. 


Central Control of 
Blood Pressure 


Alpha 
Stimulation 


The Alpha 
Advantage: 


It's for all kinds of hypertensives 


e Unlike beta blockers, Catapres" has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure Allergic rhinitis 

Ventricular hypertrophy Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/ play — normal hemodynamic responses to exercise maintained. 


lOVE —Iow incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied.1 


cardiac output— tends to return to control values during long-term therapy. 
| blood flow— preserved in kidney. 

No Single Advantage Determines Drug Choice. 

Other factors must include: 


The drug’s effectiveness in a given patient, its 

side effects, warnings, precautions, tolerance, 

etc. A rational therapeutic choice depends on a 
_ Careful assessment of all such factors. 


ae) 2 15 i "à bi "Central alpha-adrenergic stimulation decreases sympathetic outflow from 
M aee E d the brain, as shown in animal studies 
| Y Y ps 1. Data on file at Boehringer Ingelheim Ltd 
Peas s . 
^ Please see last page for brief summary, including 
2 Warnings, precautions, and adverse reactions. 
ESL. 
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The Alpha 


Advantage: 


it’s for all kinds 
of hypertensives 


Cata of 0.1 mg and 0.2 mg 


Clonidine HCI) 
HYPERTENSION 


e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension— no fatal hepatotoxicity. 


e Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 


Catapres® 
(clonidine hydrochloride) 
Tablets of 8.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk tc 
mother and fetus. 

Usage in Children: No clinica! experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure anc 
associated subjective symptoms such as nervousness, agitation, and headache 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have been 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has not been established in these cases. It has been demonstrated that an 
excessive rise in blood pressure, should it occur, can be reversed by resumption oí 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engace in potentially hazardous activities, such as operating machinery or driving. 
should be advised of the sedative effect. This drug may enhance the CNS- 
depressive effects of alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride should be used with 
caution in patients with severe coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic findings 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced a dose-dependent increase in the incidence and severity oí 
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The usual starting dose of Catapres is 0.1 mg at break- 
fast and 0.1 mg at bedtime. Some patients may benefit 
from a starting dose of 0.1 mg at bedtime. 


Usual daily dose range—0.2— 0.8 mg 


Maximum daily dose—2.4 mg (12 tablets of 0.2 mg). 
Doses as high as this have rarely been employed. 







For optimal results, the dose of Catapres must be 
adjusted according to the patient’s individual blood 
pressure response. 












spontaneously occurring retinal degeneration in albino rats treated for 6 month 
longer. 


Adverse Reactions: The most common reactions are dry mouth. drowsiness 
sedation. Constipation, dizziness, headache, and fatigue have been repo 
Generally these effects tend to diminish with continued therapy. The follo 
reactions have been associated with the drug, some of them rarely. (In s 
instances an exact causal relationship has not been established ) These incl 
Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormaliti 
liver function tests; one report of possible drug-induced hepatitis without ict 
and hyperbilirubinemia in a patient receiving clonidine hydrochloride, c 
thalidone and papaverine hydrochloride. Weight gain, transient e:evation of b 
glucose, or serum creatine phosphokinase: congestive heart failure, Rayna 
phenomenon; vivid dreams or nightmares, insomnia, other behavioral chan 
nervousness, restlessness, anxiety and mental depression. Also rash, 
gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not associ 
with a rash. impotence, urinary retention, increased sensitivity to alcohol, dryn 
itching or burning of the eyes, dryness of the nasal mucosa, pallor, gynecom 
weakly positive Coombs' test, asymptomatic electrocardiographic abnorma 
manifested as Wenckebacn period or ventricular trigeminy. 


Overdosage: Profound hyootension, weakness, somnolence, diminished o 
sent reflexes and vomiting followed the accidental ingestion of Catapres (cloni 
hydrochloride) by several children from 19 months to 5 years of age. G 
lavage and administration of an analeptic and vasopressor lec to complet 
covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30-mi 
intervals usually abolishes all effects of Catapres, (clonidine hydrochloride) 
dosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0. 
(tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
For complete details, please see full prescribing information 
Under license from Boehringer Ingelheim GmbH 





Boehringer Ingelheim 


Boehringer 
Ridgefield, CT 06877 


Ingelheim 


INGELHEIM 





.| Electronically Synchronized 


TV-CINE ZOOM LENS 


» System for CINEANGIOGRAPHY 





This new Zoom lens system used with the 6” Image Intensifier gives the ventri- 
culogram which looks like using the 872" Image Intensifier. 


You can widen the scope of use of your Image System by adopting the Zoom Lens 
System (Patent pending) in a quite inexpensive way. 


Use of the Zoom Lens System, through the optical magnification or deminification allows 
you to see and record the larger fields or magnify the part of the field. Synchronization 
of the focal length of the Cine and TV lenses enable the exact match of the image which 
will appear on the Cine film and on the TV monitor. This system would be very useful 
in the laboratories with the single field l.l., for the catheterization of the children and during 
the procedure of the angioplasty. 


EW A Industries Cardiovascular & Special Procedure Systems 


P.O. Box 970161, Miami, Florida 33197 
Tel. 305 233-1013 
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‘The Amerec System. 
We can't promise your patients good health, 
but we can help them along the way. 


The Amerec Tunturi Ergometer is durable exercise cycle-with 


an ergonomically accurate preci- balanced flywheel, disc brakes, 
sion instrument as well as a 





training. Home exercise 
convenience and protection 


infinitely variable tension utilizing the accuracy of calibrated 
adjustment, and com- i fitness equipment 


bination tachometer/ and precision elec- 
odometer. Physician, tronics. 
therapist and patient For complete 


alike all know just information or the 


exactly how much name of your nearest 
exercise is being Amerec dealer, 
performed. The call toll-free 


Ergometer together | 1-800/426-0858; or 
with Amerec's Pasa e RW T8 write Amerec, Box 


ERM-101- a lightweight, easy-to- 3825, Bellevue, Washington 98009. 
'ead, heart-rate monitor that 

attaches to arm, body, or exercise 

machine - becomes the remarkable -—-—— am 

Amerec System for prescribed AMERECO 

programs of physical therapy, 

cardiotherapy, and aerobic 





Tunturi Ergometer 
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Reporting on the day's events... 





The New 


CAMSCAN 


System 





accurate, verifiable, clinically valuable 
Holter information. 


O an informative, intuitive arrhythmia report, indexed to the minute, the central 
element in your scanning report, serves also as a roadmap to reduce the time 
required for the manual scan. 

O each CAMSCAN System Arrhythmia Report is verifiable through two independent 
means: 
first verification: take advantage of the to-the-minute accuracv of the system and 
rapidly examine two or three places on the tape corresponding to periods of high 
activity on the CAMSCAN System Report. 
second verification: during the documentation (manual) scan, program three 
audible tones to sound whenever various arrhythmias are detected — perform an 
audio vs visual check for false classifications. 


Total VPBS trend Clinical 
Tos ar beginning of hour [3] (scale 0-20* per minute) [5] correlations 
r Total beats in hour [1] 
5 Heart rate trend 


Bus of isolated VPB5 in hour [2] (scale 0-200* per minute) 
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Minimum and maximum 


heart rate trend (scale 
Short run of VT [6] AERA permingte) 
Total episodes of - 


couplets and VT trend [7] 
(scale 0-20* per minute) 


Numbers of VPBS in [8] 
longest run of VT 


Runs of VT in hour [9] 
Couplets in hour 





A better way to report cardiac events: 
The CAMSCAN System Arrhythmia Report. 


O trends number of heartbeats in each minute (4). O counts and prints number of VPB s in longest run of 
O trends minimum and maximum heart rate in each V-tach (8). 
minute (11), thereby highlighting sinus pauses and [] shows short runs of V-tach usually as increased 
blocks (12) that an operator may miss. maximum heart rate (6). 
O counts and prints number of heartbeats in each O shows clearly relationships between heart rate and 
hour (1). ventricular ectopic activity, both with respect to 
O trends total VPB's (3) as well as episodes of couplets each other and with respect to time (5). Heart rate 
and V-tach (7) in each minute. and ectopic events can then also be easily corre- 


O counts and prints isolated VPB's (2), couplets (10), lated with event marks and the patient's activities, 


and runs of V-tach (9) in each hour in accordance Sympa and medications. | 
with commonly used arrhythmia classifications. O summarizes data from a 24-hour CAMSCAN System 


tape in just 13 minutes of unattended scan. 


To get more information on wbat tbe unique features and benefits of 
tbe CAMSCAN System can mean in your practice, contact your local AO representative. 





The New 
pt. M / ... clearly defined 
Ch Cn - | Holter monitoring benefits | Bt. ae OBS MEDICALDMSION 


System Crosby Drive, Bedford, MA 01730 





The CAMSCAN System 


takes full advantage of recent advances in electronics. 


The CAMSCAN System contains the 
latest in microprocessor technology E 7n 
and offers superior value and capa- 
bility over previous equipment In 
designing the CAMSCAN System, en- 
gineers of the American Optical Med- 
ical Division have drawn on years of 
expertise with CAMS" for patient 
monitoring in the ICU and the CCU as 
well as years of Holter design experi- i BEC a 
ence. The result is a new-generation | 
Holter system that, in addition to its B ERES, 
highly informative arrhythmia report, ge eH ide 
offers a long list of important features. nad 

Some of them are: 





O large, bright display screen—up to 64 seconds of ECG can be frozen for fast, easy review of 
events of interest. 


L scanner can be programmed to stop at up to 20 diary entries, hourly intervals as well as event 
marks to reduce operator fatigue and provide higher quality reports. 


L] scanner can be programmed also to stop at any combination of five categories of arrhythmias for 
easier, more error-free scanning. 


L] scanning speed is selectable at either 60X or 120X. 

L] two-channel paper strip recording operates at twice normal speed to save time 
L] each ECG strip shows patient time, ID number, and gain (size) setting. 

L] two ECG channels for maximum diagnostic information. 


O crystal-controlled timing track recorded on the tape for precise time designation of 
cardiac events. 


L] event marker supplements diary information. Does not interrupt the ECG or timing channels. 
O built-tn calibrator is standard equipment providing convenience and economy. 
CJ permits playback of reel-to-reel tapes. 


a full line of CAMSCAN System accessories 


patient hookup kits/pregelled disposable electrodes/cassettes/patient information booklets/patient 
diaries/chart paper/head cleaner kits/user manuals/test cables/patient cables 


supported by superior customer services 


LJ our customer service organization is staffed by electronics technicians who understand the 
principles of ambulatory cardiography. 

LJ sixty-six service locations backed by five regional service stations that have extensive parts and 
consumables inventories. 

LJ in-service performed by experienced registered nurses. 





The New 
... Clearly defined 


CAMSCAN Holter monmnitoriig benefits A marcan Optical MEDICAL DIVISION 


System Crosby Drive, Bedford, MA 01730 
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Only EkoSector I gives you 





Left ventricular hypertrophy, pericardial 
effusion. 





ulin 
fet 


Inferior Vena Cava entering right atrium. 





Small pericardial effusion, long axis view. 


Our patented method of Dynamic 
Image Reconstruction signifi- 
cantly improves image quality, 
data storage and the ease of 
making a diagnosis. 

This unique system delivers 
dimensionally correct, high-resolu- 
tion wide angle images with none 
of the distortion produced by 
conventional methods. 

As a result, you can more ac- 
curately visualize cross-sections of 
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Normal 





Normal 





Pericardial effusion, short axis view. 


the entire adult heart—parasternal 
short and long axis views as well 
as apical, subxyphoid and others. 
You can also use it for A-mode and 
M-mode examinations. 

What's more, Dynamic Image 
Reconstruction lets you preserve 
both two-dimensional images and 
M-mode on video cassettes. On 
playback, you can get a hard copy 
of both, you can reformat the 
image and you can reconstruct 


Pericardial effusion. 





Tricuspid valve vegetation. 


Aarne 


RIAM TITI 


Tricuspid valve vegetation. 


M-mode tracings from recorded 
two dimensional images. 


Ultrasound is changing fast. Witl 
EkoSector I, you'll be ready. 


Thanks to our exclusive sys 
tem of Dynamic Image Recon- 
struction, the data acquisition ar 
display capability of EkoSectorI 
is virtually obsolescence-free. 

Images recorded with the 
Dynamic Image Reconstruction 





ide Angle Scanning plus 
construction. 






cardial effusion. 


ventricular hypertrophy pericardial 
ion, short axis. 


inique can be re-analyzed and 
ocessed with tomorrow’s com- 
‘rized ultrasound to extract 
diagnostic criteria. This 

ns that your EkoSector I will 
inue to be an up-to-date ultra- 
id image acquisition terminal. 
Find out today how easily and 
iomically you can, have all the 
intages of the EkoSector I 

: Angle Ultrasound System. 
Or write: 





Parasternal Views 


SmithKline Instruments, Inc. 


880 West Maude Avenue 
Sunnyvale, California 94086 
Toll free: 800-538-1556 

In California call collect 
408-732.-6000 


SmithKline Instruments 


300 Laurentien Boulevard 
St. Laurent, Quebec, Canada 
Tel: 514-747-6565 








a SmithKline company 








SmithKline Instrument Co. Ltd. 


Welwyn Garden City 
Hertfordshire, England 
Tel: Welwyn Garden 25111 
Telex: 851-261-1347 


SmithKline Instruments 


PO. Box 89 

Brookvale, N.S.W. 2100, Australia 
Tel: 415-5211 

Telex: 790-20092 


For veniricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


r1 Greater GI tolerance 
than with quinidine sulfate 
rJ Ful! quinidine cardiodynamics 


4 Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets. (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate, COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by % to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage increase. For maintenance, one 
tapiet may be used two to three times a day; generally one tablet 
morning and night wil! be adequate. SUPPLIED: Uncoated, scored 
tablets in botties of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY | NORWALK, CT 05858 C8207 211278 
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Surgical Treatment.of Left Main Coronary Artery Disease 


Review on Histology and Function of Atrial Cells. in 
Internodal Pathways 


Clinical and Surgical Studies on Transposition of 
Great Arteries 


Call for Abstracts: ACC 29th Annual Scientific Session 
Houston, Texas, March 9—13,-$1980 
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ALDORIL 


from the 
cardiovascular 
view point 


A favorable cardiac profile: neither component 

of ALDORIL usually has any direct effect on cardiac 
function— in long-term therapy cardiac output is 
usually maintained. 

Control of sodium and fluid retention: ALDORIL 
often helps control fluid imbalance, particu- 
larly in those cases of hypertensive vascular 
disease where sodium and water retention 

is a problem. 
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As a fixed combination, ALDORIL is not 
indicated for initial therapy since hyper- 
tension requires therapy titrated to the 
individual patient. !f an available 
strength of ALDORIL meets the patient's 
titrated needs, the combination drug 
may be more convenient in patient 
management. Therapy should be 
reevaluated as necessary. 


ALDORIL is contraindicated in active yr 
hepatic disease; anuria; hypersensitivity 4 4 
to methyldopa or to hydrochloro- / 
thiazide or other sulfonamide-derived | 
drugs; if previous methyldopa therapy | 
has been associated with liver 
disorders. In patients with renal 
disease, thiazides may precipitate 
azotemia. Use with caution in 
patients with severe renal disease 
or impaired hepatic function. 


It is important to recognize that a 
positive Coombs test, hemolytic 
anemia, and liver disorders may 
occur with methyldopa therapy. 

The rare occurrences of hemolytic 
anemia or liver disorders could lead 
to potentially fatal complications 
unless properly recognized and managed. 
For more details, see the brief summary 
of prescribing information. 
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active hypertensives 
points of view 











ALDORIL 


from the 
practical 
view point 


Highly effective complementary agents: 
HydroDIURIL® (Hydrochlorothiazide, MSD), and 
ALDOMET® (Methyldopa, MSD), two well-acceptec 
antihypertensives which usually maintain blood 
pressure control throughout the day. 


Greater dosage convenience (with a single tablet): 
a b.i.d. regimen is possible for many patients. 


Effect on daily activities usually minimal: there is 
less frequent symptomatic postural hypotension 
with ALDORIL than with many other antihyperten- 
sive agents. Exercise hypotension and diurnal 
blood pressure variations rarely occur. 





ALDORIL 


containing methyldopa and hydrochlorothiazide 


TABLETS 


ALDORIL D50 


containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 50 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


TABLETS 


ALDORIL D30 


containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 30 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 
TABLETS 


ALDORIL'-25 containing 250 mg ALDOMET® (Methyldopa, MSD) 
and 25 mg HydroDIURII* (Hydrochlorothiazide, MSD) 


TABLETS 
ALDORIL* -15 containing 250 mg ALDOMET® (Methyldopa, MSD) 
and 15 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


MSD 
For a brief summary of prescribing information, VAR 
please see following page. HM 


Antihypertensive TABLETS 


Antihypertensive TABLETS 
ALDORIL® D50 ALDORIL® D30 
methyldopa 500 mg and methyldopa 500 mg and 
hydrochlorothiazide 50 mg hydrochlorothiazide 30 mg 


WARNING . 
This fixed combination drug is not indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the individual patient. If the fixed 


combination represents the dosage so determined, its use may be more convenient in 
patient management. The treatment of hypertension is not static, but must be 
reevaluated as conditions in each patient warrant. 





Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis: 

if previous methyldopa therapy has been associated with liver disorders (see Warnings); 

anuria; routine use in an otherwise healthy pregnant woman with or without mild edema: 

iy to methyldopa or to hydrochlorothiazide or other sulfonamide-derived 
rugs. 


Warnings: METHYLDOPA—It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic anemia or liver disorders could 
lead to potentially fatal complications unless Pp ean recognized and 
managed. Read this section carefully to understand these reactions. 


With prolonged methyldopa therapy, 10% to 20% of patients develop a positive direct 
Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily 
dosage of 1 g or less. This on rare occasions may be associated with hemolytic anemia, 
which could lead to potentially fatal complications. One cannot predict which patients with 
a positive direct Coombs test may develop hemolytic anemia. Prior existence or 
development of a positive direct Coombs test is not in itself a contraindication to use of 
methyldopa. If a positive Coombs test develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the positive Coombs test may be aproblem. 
For example, in addition to a positive direct Coombs test there is less often a positive 
indirect Coombs test which may interfere with cross matching of blood. 


At the start of methyldopa therapy, it is desirable to do a blood count (hematocrit, 
hemoglobin, or red cell count) for a baseline or to establish whether there is anemia. 
Periodic blood counts should be done during therapy to detect hemolytic anemia. It may be 
useful to do.a direct Coombs test before therapy and at 6 and 12 months after the start of 
therapy. If Coombs-positive hemolytic anemia occurs, the cause may be methyldopa and 
the drug should be discontinued. Usually the anemia remits promptly. If nol, 
corticosteroids may be given and other causes of anemia should be considered. If the 
hemolytic anemia is related to methyldopa, the drug should not be reinstituted. When 
methyldopa causes Coombs positivity alone or with hemolytic anemia, the red cell is 
usually coated with gamma globulin of the IgG (gamma G) class only. The positive 
Coombs test may not revert to normal until weeks to months after methyldopa is stopped. 


Should the need for transfusion arise in a patient receiving methyldopa, both a direct and 
an indirect Coombs test should be performed on his blood. In the absence of hemolytic 
anemia, usually only the direct Coombs test will be positive. A positive direct Coombs test 
alone will not interfere with typing or cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross match and the assistance ofa hematologist 
or transfusion expert will be needed. 


Fever has occurred within the first three weeks of therapy, sometimes with eosinophilia or 
abnormalities in one or more liver function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, cephalin cholesterol! flocculation. 
prothrombin time, and bromsulphalein retention. Jaundice, with or without fever, may 
occur, with onset usually within the first two to three months of therapy. In some patients the 
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depletion and hypokalemic-hypochloremic alkalos:s. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: In response to arise in the concentration of body 
potassium, renal excretion ofthe ion is increased. In the presence 
of normal renal function and hydration, it is difficu't to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in under aking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythm:a or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should disso've the pack- 
et contents of Klorvess Effervescent Granules in 3to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 1095 Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diar-hea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: K/orvess E'fervescent 
Granules: Adults — One packet completely dissolvec 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess (potassium chloride) 10% Liquid: Adults— One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 


OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under “Contraindications: Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 


HOW SUPPLIED: K/orvess Effervescent Granules— ackages of 
30 packets (2.8 g each). K/orvess (potassium chloride) 10% Liquid 
(dark red)—as a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: K/orvess Effervescent 
Granules— packages of 1000 packets; K/orvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 ml Unit- 
Dose bottles. 


(For complete details, please consult full prescribing information) 


Dorsey 


Division of Sandoz, Inc. 
LINCOLN, NEBRASKA 68501 
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.during episodes of emotional stress or physical exertio 


SUMMARY OF PRESCRIBING INFORMATION 
Indications: Based on a review of this drug by The National Academy | 


i 


of Sciences— National Research Council and/or other information, 
FDA has classified the indications as follows: 

Probably’ effective: The chewable dosage form of SORBITRATE 
s indicated for the treatment of acute anginal attacks and for prophy- 
axis in situations likely to provoke such attacks. 

Final classification of the less-than-effective indications requires 
further investigation 


Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the eariy days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur 
Adverse Reactions: Headache which may 
be severe and persistent. Lowering the 
dose and using analgesics will help contro! 
the headaches which usually diminish or 
disappear as therapy is continued 
Adverse reactions seen occasionally: 
Cutaneous vasodilation with flush- 
ing; transient dizziness and weak- 
ness as well as other signs of cere- 


Up to 2 hours of angina 
protection. At mealtime ::7:. neeese 


bral ischemia associated with postural hypotension; individual markeg 
sensitivity to the hypotensive effects of nitrates whereinsevere response 
can occur even with the usual therapeutic dose (alcohol may enhanc« 
this effect); drug rash and/or exfoliative dermatitis 

This drug can act as aphysiologicalantagonistto norepinephrine, acetyl 
choline, histamine and other agents 


Dosage and Administration: /ndividua/ Dose: To minimize hypotensive 
responses., which may occasionally be severe with chewable doses a 
low as 5 mg., the smallest effective dose should be employed. Chewable 
tablets are generally given in doses of 5 mg 

Dosage Schedule: Smallest effective dose necessary for the preventio 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE 
(isosorbide dinitrate) may be taken fo 
prompt relief of angina pain three or fou 
times daily. Although the onset and dura 
tion of effect of coronary nitrates ma 


SORBITRATE 
Onset of Effect: Two to five minutes 


and any other time of stress. 5:5: 


CHEWABLE SORBITRATE 


(ISOSORBIDE DINITRATE) 
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CLINICAL STUDIES 


195 Atherosclerosis of the Left Main Coronary Artery: 5 Year Results of Surgical Treatment 


FLOYD D. LOOP, BRUCE W. LYTLE, DELOS M. COSGROVE, WILLIAM C. SHELDON, 
MANUEL IRARRAZAVAL, PAUL C. TAYLOR, LAWRENCE K. GROVES and AUGUSTO D. PICHARD 


This long-term follow-up study of 300 consecutive patients subjected to coronary arterial grafting indicates that 
myocardial revascularization alleviates cardiac symptoms and increases life expectancy in patients with this 
condition. The actuarial 5 year survival rate was 88.2 percent, with 75 percent of the survivors asymptomatic 
and 94 percent employed or active. This 5 year survival rate for surgically treated patients represents a clear-cut 
improvement over the 51 percent survival rate for nonsurgically treated patients with left main coronary artery 
disease. The presence of right coronary artery disease, abnormal preoperative ventricular function and incom- 
plete revascularization adversely affected survival. 


202 Mechanism of Relief of Angina After Coronary Bypass Surgery: An Angiographic Study 
HOWARD E. WINER, EPHRAIM GLASSMAN and FRANK C. SPENCER 


Coronary angiographic studies performed before and after coronary revascularization in 67 patients reveal that 
anginal relief after coronary bypass surgery is achieved by successful and complete revascularization and relief 
of ischemia rather than by perioperative infarction of an angina-producing myocardial segment. If large areas 
of myocardium are not revascularized a good symptomatic response to surgery is unlikely. Persistence of angina 
implies inadequate or unsuccessful myocardial revascularization. 


209 Hemodynamic Evaluation of the Carpentier-Edwards Bioprosthesis in the Aortic Position 


MICHAEL ROTHKOPF, THOMAS DAVIDSON, KIRK LIPSCOMB, KENNETH NARAHARA, 
L. DAVID HILLIS, JAMES T. WILLERSON, AARON ESTRERA, MELVIN PLATT and LAWRENCE MILLS 


Cardiac catheterization studies in 17 patients with the Carpentier-Edwards bioprosthesis (a glutaraldehyde-fixed 
porcine valve xenograft) in the aortic position show that the prosthesis affords both clinical and hemodynamic 
improvement and may allow improved effective orifice area when used in patients with a small aortic root. All 
patients had an improved functional class after operation and none had aortic regurgitation posteroperatively. 
Mean left ventricular ejection fraction increased from 51 + 16 to 68 + 9 percent in eight patients operated on 
for aortic stenosis but was not significantly changed in patients operated on for aortic insufficiency. 


215 Exercise Performance After Septal Myotomy and Myectomy in Patients With Obstructive Hypertrophic 
Cardiomyopathy 


DAVID R. REDWOOD, ROBERT E. GOLDSTEIN, JOHN HIRSHFELD, JEFFREY S. BORER, 
JOEL MORGANROTH, ANDREW G. MORROW and STEPHEN E. EPSTEIN 


Measurements of peak exercise performance and correlative hemodynamics in 29 patients with obstructive hy- 
pertrophic cardiomyopathy were made before and 6 months after ventricular septal myotomy-myectomy. After 
operation, 27 reported symptomatic improvement of angina pectoris, dyspnea or presyncope and had a greatly 
reduced left ventricular outflow gradient; 25 attained higher exercise levels and increase in total body oxygen 
consumption from 16 to 21 ml/min per kg. The greatest improvement in exercise capacity was seen in patients 
with preoperative angina. The cardiac index during maximal exercise increased in the postoperative period by 
an average of 12 percent. Although several mechanisms contributed to such symptomatic improvement, en- 
hanced cardiac performance played an important role in the majority of patients. These results indicate that op- 
erative treatment can result in significant symptomatic improvement in patients with obstructive hypertrophic 
cardiomyopathy after medical treatment has failed to control symptoms adequately. 
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nhypertensien 


The kidney is the key to long-term 


p 


ressure regulation 


The kidney-not the heart-is the key to long-term arterial 
pressure control. The kidney raises blood pressure 
whenever sodium excretion is inadequate. Diuretics help 
the kidney excrete sodium, reduce fluid volume and lower 
blood pressure. 


The Hygroton benefit: continuous help 

No diuretic blocks sodium retention longer than Hygroton. 
Once-daily Hygroton provides uninterrupted activity to help the 
kidney excrete sodium and water and reduce blood pressure. 


In mild hypertension: conservative therapy 


Low-dose Hygroton 25 mg. provides a favorable risk/benefit 
ratio. As with all thiazide and thiazide-like diuretics, it is possible 
to develop certain electrolyte and other imbalances including 
hypokalemia and hyperuricemia. However, three double-blind 
studies! 3 demonstrated effectiveness with mean serum 
potassium and uric acid levels remaining in the normal range. 


In mild hypertension 


Low-dose 


l Hygroton 25::..., 


Chiorthalidone USP) 
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related drugs may i C tQ 
curarine. The antihypertensive effects tug 
be enhanced in the postsympathect@ t 
rthalidone and related drugs maydeGfease arléri 
onsiveness to norepinephrine. If Prog res 
urment becomes evident, as indic@ted' 
rotein nitrogen or blood urea nitrogèn, § : 
praisal of therapy is necessary with 'Gon$ideratior] 
1 to withholding or discontinuing diuretic Ther: ty 
rthalidone and related drugs may decrease serum Y 
evels without signs of thyroid disturbafice S 


B 
arse Reactions: Anorexia, gastric irritation nausea \aqua) a 


ting, cramping, diarrhea, constipation, Jadndlice 


(Mtrahepatic cholestatic jaundice), pancreatitis; dizziness, 
vanigo, paresthesias, headache, xanthopsia; leukopenia, 
aĝfanulocytosis, thrombocytopenia, aplastic anemia; 
pufpura, photosensitivity, rash, urticaria, necrotizing angiitis 
(vaSculitis) (cutaneous vasculitis), Lyell’s syndrome (toxic 
epidermal necrolysis). Orthostatic hypotension may occur 
and may be aggravated by alcohol, barbiturates or 
pafGotics. Other adverse reactions include hyperglycemia, 
@lyGOsuria, hyperuricemia, muscle spasm, weakness, 
restlessness, impotence. Whenever adverse reactions are 
moderate or severe, chlorthalidone dosage should be 
reduc 
How lled: Tablets —100 mg. (white, scored), 50 mg 
g 25 mg. (peach) in bottles of 100 and 1000; 
UnifdoselBlister packs, boxes of 100 (10 x 10 strips). Also, 
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or therapy withdrawn. Usual Dose: One tablet daily. 


100 mg. and 50 mg. in PAKs of 28 tablets. boxes of 6 
References: 1. Finnerty, F.A. Jr.: Managing Mild Hyper- 
tension: A low-dose approach, Scientific Exhibit presented 
at Amer. Coll. Cardiol. 28th Annual Scientific Session, 
Miami Beach, Fla., Mar. 11-15, 1979. 2. Materson, B.J. et al 
Dose response to chlorthalidone in patients with mild hyper- 
tension, Clin. Pharmacol. Ther. 24:192, 1978. 3. Data on file, 
USV Laboratories Inc 


USV Laboratories Inc. 
LABORATORIES Manati, PR. 00701 





‘INDICATIONS — Based on a review of this 
drug by the National Academy of Science- 
National Research Council and/or other im- 
formation, FDA has classifred tne indication 
as follows 


Possibly’ effective: For long-term therapy 
of chronic angina pectoris Prolonged 
therapy may reduce the frequency or elim- 
inate anginal episodes, improve exercise 
tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the 
acute anginal attack 


Final classification of the less-than-effective 
indications requires further investigation TA 
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specific contraindications are 
known 


PRECAUTIONS -—- Since exces- 


sive doses Can produce pe- 
ripheral vasodilation, the drug 
should be used Cautiously tn 
patients with hypotension 


ADVERSE REACTIONS— 
Adverse reactions are minimal 
and transient at recommended 
dosages. Instances of head 
ache, dizziness, nausea, flush- 
ing, weakness or Syncope, mild 
gastrointestinal distress and 
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ing therapy. Rare cases of what 
appeared to be an aggravation 
of angina pectoris nave been 
reported, usually at the initia- 
tion of therapy On those un- 
common occasions when ad- 
verse reactions have been 
persistent or intolerable, with- 
drawal of medication has been 
followed promptly by cessation 
of undesirable symptoms 


DOSAGE AND ADCMINISTRA- 
TION—The recommenaed dos- 
age is 50 mg (2 tablets) three 
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hour before meals. in some 
cases higher doses may be nec 
essary but a significantly 
increased incidence of side 
effects is associated with in- 
creased dosage. Clinical re- 
sponse may not be evident be- 
fore the second or third 

month of continuous therapy 
Tablets of 25 mg 

For complete detarts, please se 
the full prescribing information 


Boehringer Ingelhei 


Boehringer Ingelheim Ltd 
Ridgefield, CT 06877 


The art of the heart... 
“Home is where the Heart 
an org:rial from Erica Wils 
Needleworks, is a study in 
creative stitchery that co 
bines-special embroidery į 
quilting techniques 


Persantine is a non-nitrate 
coronary vasodilator, with 
No known cortraindicatior 
for the long-term therapy 

of chronic angina pectoris 
The key to Persantine etfic 
give enough.. jong enoug 
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221 Septicemia in Patients With an Endocardial Pacemaker 
GLYNN MORGAN, WILLIAM GINKS, HAROLD SIDDONS and AUBREY LEATHAM 


p Now that pacemaker generators are reliable, infection resistant to antibiotic drugs because of the presence of 
a foreign body has become the most important serious complication of long-term pacing. In this study septice- 
mia developed in 12 patients (1 percent) and Staphylococcus aureus was isolated from the blood culture in 10 
of 1,235 consecutive patients treated between 1964 and 1977 with long-term pacing by the endocardial route. 
Once septicemia is diagnosed, appropriate antibiotic drugs should be given, initially parenterally, for a minimum 
of 6 weeks. At the earliest opportunity the pacing system should be completely removed and replaced by an epi- 
cardial system or possibly a new endocardial system on the other side of the chest. 


225 intracardiac Electrocardiography During Permanent Pacemaker Implantation: Predictors of Cardiac 
Perforation 


KALYANASUNDARAM VENKATARAMAN and MICHAEL BILITCH 


The following three types of intracardiac electrographic patterns were identified in 50 successive patients 
undergoing permanent pacemaker implantation: a qR pattern with a q/R ratio of less than 1(type I); a QR pattern 
with a Q/R ratio between 1 and 4.4(type Il); and a Qr pattern with a Q/r ratio between 12 and 15(type Ill). Pacing 
or sensing failure occurred in one patient with a type II pattern, in two patients with a type Ill and in no patient with 
a type | pattern. At the time of pacemaker implantation intracardiac electrograms with a type | pattern indicating 
good pacing thresholds and sensing should be sought. If type Il wave forms occur with good pacing thresholds 
and sensing, the electrode may probably be left in position. A type Ill pattern, although rare, suggests myocardial 
perforation and indicates the pacemaker catheter must be repositioned. These data show that use of the intra- 
cardiac electrogram together with fluoroscopy can identify potential or actual perforation at the time of initial 
permanent transvenous pacemaker implantation. 


232 Two Dimensional Echocardiographic Recognition of the Descending Thoracic Aorta 
GARY S. MINTZ, MORRIS N. KOTLER, BERNARD L. SEGAL and WAYNE R. PARRY 


These studies demonstrate that the descending thoracic aorta can be seen on M mode echocardiography as a 
linear echo-free space behind the left atrium and that two dimensional echocardiography is even better suited 
to the study of the spatial interrelations and relative positions of the posterior cardiac structures. The latter tech- 
nique is invaluable in the interpretation of unusual M mode echocardiographic patterns of posterior cardiac 
structures. In normal persons the diastolic diameter of the lumen of the descending thoracic aorta measures 10 
+ 1.4 mm/m*, that of the ascending aorta 16 + 1.8 mm/m? at the level of the aortic valve and 13 + 1.4 mm/m? 
above the level of the sinus of Valsalva. These results suggest that two dimensional echocardiography is a useful 
technique for studying the entire aorta and for detecting localized or diffuse aortic aneurysms. 


239 Significance of Complete Left Bundle Branch Block With Left Axis Deviation 
EDGAR LICHSTEIN, RAJAT MAHAPATRA, PREM K. GUPTA and KUL D. CHADDA 


These data in 49 patients with left bundle branch block and left axis deviation and in 35 patients with left bundle 
branch block and a normal frontal axis demonstrate that in the majority of patients with a left bundle branch block 
pattern and left axis deviation, left anterior hemiblock develops separately (either before or after the appearance 
of left bundle branch block). Although there was a statistically significant increase in the incidence of a hemi- 
block pattern preceding a bundle branch block pattern in patients who ultimately had a pattern of left bundle 
branch block and left axis deviation, it is unclear whether the hemiblock pattern is related to an anatomic defect 
or a functional abnormality of conduction. 


243 Q-aT, Interval As a Clinical Indicator of Hypercalcemia 
DAVID W. NIERENBERG and BERNARD J. RANSIL 


In this study of more than 200 patients discharged from the hospital between 1972 and 1977 with a diagnosis 
implying abnormal calcium metabolism, serum calcium concentrations on 65 occasions in 39 patients correlat- 
ed significantly with the following electrocardiographic intervals: Q-aTc, Q-oTc and Q-Tc. When all other factors 


Continued on page A 19 


A15 


e pc 


Q 
oS 
© 
© 
= 
: 











Potassium with nothing to hide 


There's no longer any need to try to hide the taste of 
potassium chloride — because KAON-CL TABS have no taste. 
Thus your patients who cant or wont take liquid supplements have an 
acceptable alternative that enables them to get the potassium they need. 


- Wax-matrix tablets minimize likelihood of GI complications. 
The special wax matrix used in KAON-CL TABS permits gradual release of 
potassium chloride in the GI tract. Because the potassium is slowly released, 
the possibility of high localized GI concentrations is limited. The reported 
frequency of GI lesions with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of GI bleeding 
reported with KAON-CL TABS to date and no reports of small bowel 
stenosis or ulceration. However, clinical experience is insufficient at this time 
to indicate chat the incidence is other than the stated numerical ratio. 


Logical, easily adjustable dosage. One tablet t.i.d. provides 20 mEq 
of potassium, the amount generally considered necessary for prevention of 
hypokalemia. Two tablets t.i.d. provide 40 mEq of potassium, usually 
adequate for the treatment of mild potassium depletion. Dosage should be 
adjusted to individual patient needs. In cases of more severe potassium 
depletion, 100 mEq daily or more may be required. 


Patients stay on 


ON-CLTABS 


(potassium chloride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 








WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
COLUMBUS, OHIO 43215 
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BRIEF SUMMARY 
KAON-CI TABS* (potassium chloride) Controlled Release Tablets 
Description: Kaon-Cl Tabs is a sugar coated (not enteric-coated) tablet contain- 
ing 500 mg potassium chloride (equivalent to 6.7 mEq potassium chloride) in a 
wax matrix. This formulation is intended to provide a controlled release of 
assium from the matrix to minimize the likelihood of producing high 
Ieriized concentrations of potassium within the gastrointestinal tract. 
Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC 
ULCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 
CHLORIDE PREPARATIONS, THESE DRUGS SHOULD BE RESERVED 
FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO 
TAKEL IDS OR EFFERVESCENT POTASSIUM PREPARATIONS OR 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 
WITH THESE PREPARATIONS 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis, in digitalis intoxication and in patients with hypokalemic familial 

eriodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is 
inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of 
aldosterone excess with normal renal function, potassium-losing nephro- 

athy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a 
normal dietary pattern. Serum potassium should be checked periodically, 
however, and if hypokalemia occurs, dietary supplementation with potas- 
sium-containing foods may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 

Contraindications: Potassium supplements are contraindicated in patients with 
hyperkalemia since a further increase in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the 
following conditions: Chronic remal failure, systemic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 
spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulcer- 
ation in certain cardiac patients with esophageal compression due to md left 
atrium. Potassium supplementation, when indicated in such patients, should be 
with a liquid preparation. 

All solid dosage forms of potassium chloride supplements are contraindicated 

in any patient in whom there is cause for arrest or delay in tablet passage through 
the gastrointestinal tract. In these instances, potassium supplementation should 
be with a liquid preparation. 
Warnings: Hobersddstia In patients with impaired mechanisms for excreting 
potassium, the administration of potassium salts can produce hyperkalemia and 
cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may alse occur in patients given potassium orally. 
Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use 
of potassium salts in patients with chronic renal disease, or any other condition 
which impairs potassium excretion, requires particularly carehal monitoring of 
the serum potassium concentration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Dirpicetynokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing dbiredc (e.g., spironolacrone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 

Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are caused 
by a high localized concentration of potassium ion in the region of a rapidly 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
hemorrhage, or perforation. Kaor.-Cl Tabs (potassium chloride) is a wax-matrix 
tablet formulated to provide a controlled rate of release of potassium chloride and 
thus to minimize the possibility of a high local concentration of potassium ion 
near the bowel wall. While the reported frequency of small bowel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 
associated with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
tions are not enteric-coated and release potassium in the stomach, there have 
been reports of upper gastrointestinal bleeding associated with these products. 
The total number of gastrointestinal lesions remains less than one per 100,000 
patient ycars. Kaon-Cl Tabs should be discontinued immediately and the 
possibility of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrointestinal bleeding occurs. 

Metabolic Acidosis—Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 

»tassium citrate, potassium acetate, or potassium gluconate. 

recautions: The diagnosis of potassium depletion is ordinarily made by 
demonstrating hypokalemia in a patient with a clinical history suggesting some 
cause for potassium depletion. In interpreting the serum potassium level, the 
physician should bear in mind that acute alkalosis per se can produce hypokalemia 
in the absence of a deficit in total body potassium while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the 
presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
requires careful attention to acid-base balance and appropriate monitoring of 
serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: The most common adverse reactions to oral potassium salts 
are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
due to irritation of the gastrointestinal tract and are best managed by diluting the 
preparation further, taking the dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contraindications, 

Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
ration (see Warnings) 
Overdosage: The administration of oral potassium salts to persons with normal 
excretory mechanisms for potassium rarely causes serious hyperkalemia. How- 
ever, if excretory mechanisms are impaired or if potassium is administered too 
rapidly intravenously, potentially fatal hyperkalemia can result (see Contraindi- 
cations and Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum potassium 
concentration and characteristic electrocardiographic changes (peaking of T- 
waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 
interval). Late manifestations include muscle-paralysis and cardiovascular col- 
lapse from cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

|. Elimination of foods and medications containing potassium and potas- 
sium-sparing diuretics. 

2. Intravenous administration of 300 to 500 ml/hr of 10% dextrose solution 
containing 10-20 units of crvstalline insulin per 1,000 ml. 

J. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 

In treating hyperkalemia, it should be recalled that in patients who have been 
stabilized on digitalis, too rapid a lowering of the serum potassium concentration 
can produce digitalis toxicity. 

Caution: Federal law prohibits dispensing without prescription. 
How Supplied: Bottles of 100, 250 and 1000. 
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known to affect the Q-T interval are ruled out, the shortening of the Q-aTc interval (beginning of QRS complex 
to apex of T wave) appears to be a useful clinical indicator of hypercalcemia. From these data the investigators 
developed a predictor equation and method that are useful in diagnosing hypercalcemia from the electrocardio- 

" gram when emergency calcium assays are not available. This interval was more sensitive than the Q-oTc inter- 
val (beginning of QRS complex to onset of T wave) or the Q-Tc interval. 


249 Clinical, Hemodynamic and Metabolic Responses During Pacing in the Supine and Sitting Postures in 
Patients With Angina Pectoris 


UDHO THADANI, RANDOLF LEWIS, ROXROY O. WEST, MIGUEL A. CHIONG and JOHN O. PARKER 


This study shows that posture modifies the clinical, hemodynamic and metabolic responses during sinus rhythm 
and pacing in patients with coronary artery disease. Patients in the upright position experienced angina at a high- 
er level of heart rate and rate-pressure product, and the rise in left ventricular end-diastolic pressure after pacing 
was less pronounced in this posture than in the supine position. Myocardial lactate uptake during pacing was 
more often abnormal in the upright position, probably as a result of associated increased sympathoadrenergic 
activity. Angina pectoris can be precipitated with greater ease in the supine than in the upright posture, probably 
as the result of increased venous return with greater ventricular filling pressure and volumes. 


EXPERIMENTAL STUDIES 


257 Two Dimensional Echocardiographic Quantification of Infarct Size Alteration by Pharmacologic 
Agents 


RICHARD S. MELTZER, JULIUS N. WOYTHALER, ANDREW J. BUDA, JERRY C. GRIFFIN, 
W. DOUGLAS HARRISON, RANDOLPH P. MARTIN, DONALD C. HARRISON and RICHARD L. POPP 


In this study of 27 closed chest dogs with experimentally produced acute myocardial infarction, the infarct size 
measured with technetium pyrophosphate scintigraphy of the excised left ventricle correlated well with the ex- 
tent of wall motion abnormalities determined with two dimensional echocardiography before death. Wall motion 
significantly improved after initial treatment with nitroglycerin, remained stable with continued saline infusion 
and increased significantly after treatment with phenylephrine. Although this present method is limited because 
of the difficulty of echocardiographic visualization of all left ventricular segments in all patients, various techni- 
cal improvements to improve the yield of usable images and the image quality in the future may permit quantifi- 
cation of wall motion abnormalities within minutes of hospital admission. 


263  Epicardial Ischemia as Delineated With Epicardial S-T Segment Mapping and Nicotinamide Adenine 
Dinucleotide (NADH) Fluorescence Photography 


MICHAEL B. SIMSON, WESLEY R. HARDEN, Ill, CLYDE H. BARLOW and ALDEN H. HARKEN 


Using reduced nicotinamide adenine dinucleotide (NADH) fluorescence photography to detect areas of myocar- 
dial anoxia in isolated rabbit hearts with experimentally produced coronary arterial occlusion, these investigators 
found that S-T segment negativity was not detected immediately outside the ischemic border and that S-T seg- 
ment elevation, first detected 3.3 mm outside the ischemic border, increased over a transition zone 7 mm wide. 
They concluded that S-T segment changes define relatively imprecisely an ischemic border and that S-T seg- 
ment changes across an ischemic border do not follow those predicted by solid angle analysis theory, possibly 
because inhomogeneities in the conductive medium distort the electric field and can cause discrepancies. Con- 
sequently, solid angle analysis may not be applicable to epicardial S-T segment mapping. 
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270  Echocardiographic Evaluation of Right Ventricular Function in Complete Transposition of the Great 
Arteries: Angiographic Correlates 


BRUCE S. ALPERT, KENNETH R. BLOOM, PETER M. OLLEY, GEORGE A. TRUSLER, 
CONSTANCE M. WILLIAMS and RICHARD D. ROWE 


Increasing evidence that the right ventricular function of patients with complete transposition of the great arte- 

ries may be impaired prompted this assessment of M mode echocardiography as a predictor of such function in 

62 patients. In these subjects systolic time intervals using M mode echocardiography proved useful in the as- 

sessment and longitudinal follow-up of right ventricular function. The right ventricular preejection period/ejec- 

tion time ratio correlated best with the angiographic ejection fraction and was independent of right bundle branch 

block. Most patients with poor right ventricular function had had a ventricular septal defect or patent ductus arte- 
Continued on page A23 
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ntroducing the Datascope M/D3. 

It offers the world’s first lithium 
emergency power pack as part of the world’s 
most advanced portable 
defibrillator system ever developed. 





Until now, the choice of a 
defibrillator system for the 
hospital was a compromise. 

You could have a 
defibrillator that weighed 35 
pounds or more that functioned 
pretty well on a crash cart. But 
it was a struggle to carry when 
you had to. 

Or you could have a 19 
pound defibrillator system. It 
was certainly lightweight, 
but it deprived you of many 
important features. 

You either had too much of 
one thing or too little of another. 

Now, you can have the 
best of both: the new Datascope 
M/D3. 

The M/D3 is remarkably 
compact and portable. It 
weighs less than 28 pounds. It 
measures only 13" x 15" x 7%". 
Yet it outperforms any heavy 
defibrillator system. And 
certainly any lightweight. 

To start with, the M/D3 
has the most advanced power 
system ever developed. As you 
might expect, the Datascope 
M/D3 operates on either 
battery or line power. 

But unlike conventional 
systems, the M/D3 puts an end 
to the worry about battery 
failure. Because, in addition to 
having nickel cadmium 
batteries, the M/D3 also has a 
revolutionary back-up battery: 
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the first lithium-powered 
emergency pack. 

We conceived the Lithium 
Emergency Power Pack for that 
emergency when your 
rechargeable batteries are 
unusable, for whatever reason. 
Our lithium pack needs no 
maintenance and remains ready 
for use for five years. We can't 
guarantee that you'll ever use it. 
But we can guarantee you'll be 
glad the first time you do. 

Despite its compactness 
and portability, the M/D3 has 
a scope that measures a full 
5 inches diagonally. The same 
size as you'd find in large 
systems. It has a bright non- 
fade display which you can 
freeze. And a large digital 


Our scope has over 4 times the viewing area of a lightweight. 


display of heart rate. And, 
naturally, it has the quality and 
performance you'd expect 
from the world's largest manu- 
facturer of battery-powered 
monitors. 

Despite its size, the M/D3 
is available in a 500 joule as 
well as a 400 joule version. 
Either model incorporates a 
digital energy meter that 
precisely displays anticipated 
delivered energy. 

Overall, the M/D3 offers 
those innovative details which 
create functional design 
elegance. 

From the way all the oper- 
ating controls are arranged in a 
single plane. 

To the unique, dynamic 
calibration markers on the 









scope that give you an on-going 
indication of the sensitivity of 





the trace. 

To the document switch on 
the paddles which triggers the 
strip chart recorder. To the 
convenient way in which the 
paddles can be removed and 
replaced. 

To the electrode lead fault 
indicator. 

To the manner in which the 
battery pack can 
be rapidly ejected 
for replacement. 
To the fact that 
batteries are 
recharged in less than 5 hours 
instead of the usual 16. 

In short, the M/D3 is the 
most innovative development 
in defibrillator systems today. 

Frankly, there are so many 
exciting features in the M/D3, 
there's simply not enough 
space to discuss them all here. 
We urge you to see the M/D3 
first-hand. To arrange for a 
demonstration call us at 
201-265-8800. Datascope 
Corp., Box 5-S , Paramus, 

NJ 07652. 

In Europe: Datascope 
B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 
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riosus before surgery and postoperatively had tricuspid regurgitation on angiography, right bundle branch block, 
a preejection period/ejection time ratio greater than 0.55 and a low right ventricular ejection fraction of 0.55 or 
less. Echocardiography permits sequential noninvasive assessment of right ventricular function. 


e 
276 Right and Left Ventricular Function After the Mustard Procedure in Transposition of the Great Arteries 


DONALD J. HAGLER, DONALD G. RITTER, DOUGLAS D. MAIR, ABDUL J. TAJIK, 
JAMES B. SEWARD, RICHARD E. FULTON and ERIK L. RITMAN 


Right and left ventricular function measurements in 33 asymptomatic patients 0.5 to 11 years after the Mustard 
operation for complete transposition of the great vessels indicate that right ventricular function is seriously de- 
creased but left ventricular function remains relatively preserved. These observations support continuing efforts 
for surgical correction utilizing the left ventricle as the systemic ventricle. There was no significant correlation 
between age at operation and right ventricular ejection fraction, but left ventricular ejection fraction was signifi- 
cantly correlated negatively with age at operation. There is no satisfactory explanation for the preferential de- 
pression of right ventricular function. 


284 Quantitative Analysis of Postoperative Changes in the Pulmonary Vasculature of Patients With 
Complete Transposition of the Great Arteries and Pulmonary Hypertension 


SHIGEO YAMAKI and TOGO HORIUCHI 


In two of three cases of late death after total correction of complete transposition of the great arteries with large 
ventricular septal defect and pulmonary hypertension there was extreme medial hypertrophy of the small pulmo- 
nary arteries and severe pulmonary vascular disease. In the third case the thickening of the media was mild and 
pulmonary vascular disease had not progressed owing to a residual ventricular septal defect. Presumably pulmo- 
nary vascular disease did not progress in the third case because the pulmonary arterial walls were strong enough 
to adapt to even high intraarterial pressure and were not exposed to hypoxia, which would induce vasoconstric- 
tion. The development of marked hypertrophy of the media accompanied by pulmonary vascular disease after 
total correction as illustrated by two of these three cases, seems to be the most likely cause of death in the post- 
operative period. Possibly the surgical creation of a shunt from the systemic to the pulmonary circulation may 
prevent the development of pulmonary vascular disease in this disorder. 


290 Clinical Manifestations of Dynamic Left Ventricular Outflow Tract Stenosis in Infants With d- 
Transposition of the Great Arteries With Intact Ventricular Septum 


KALIM U. AZIZ, MILTON H. PAUL, FAROUK S. IDRISS, ALLEN D. WILSON and 
ALEXANDER J. MUSTER 


Dynamic stenosis of the left ventricular outflow tract may produce serious clinical consequences in infants with 
d-transposition of the great arteries and intact ventricular septum. In two infants the occurrence of dynamic ste- 
nosis during the first days of life resulted in poor interatrial mixing despite an adequate-sized atrial septal defect. 
In two other infants dynamic stenosis caused intermittent cyanotic spells similar to those of infants with tetralogy 
of Fallot during the early months of infancy. Cardiac catheterization demonstrated spontaneous variability in the 
severity of the dynamic obstruction at rest, exaggeration of left ventricular outflow tract pressure differences 
with inotropic catecholamine stimulation (isoproterenol) and relief with a beta adrenergic blocking agent (pro- 
pranolol). The intermittent hypercyanotic spells may be related to the inotropic effect of endogenous catechol- 
amine on the left ventricular outflow tract. Echocardiography is helpful to demonstrate the dynamic left ventricu- 
lar outflow stenosis and to exclude other possible causes of persistent low atrial saturation. The Mustard opera- 
tion may alleviate inadequate interatrial mixing and hypercyanotic spells. 


298  Junctional Ectopic Tachycardia in Children: Electrocardiography, Electrophysiology and 
Pharmacologic Response 


ARTHUR GARSON, Jr. and PAUL C. GILLETTE 


Defining the electrocardiographic, electrophysiologic and pharmacologic characteristics of functional ectopic 
tachycardia in four children, including two sisters, the authors recommend short-term treatment in the immediate 
postoperative period with intravenous propranolol (with a ventricular pacemaker available to treat bradycardia) 
and long-term treatment with oral digoxin plus either propranolol, phenytoin or chlorpromazine. Among the 
causes of this complication are trauma and heredity. Results of medical treatment are poor. In this study two pa- 
tients died, the tachycardia of the third patient remained uncontrolled despite treatment and the tachycardia in 
the fourth patient regressed after repair of a ventricular septal defect. 


Continued on page A27 


A23 ' 









For over 12 years, Lasix® tablets, 
manufactured in the U.S. exclusively 
by Hoechst-Roussel, have been 
prescribed for millions of patients. 

It is today one of the most widely 
prescribed drugs in the world and, 
clearly, one of the most respected. In 
fact, it can be characterized as the di- 
uretic most likely to succeed in all degrees 
of cardiac edema. 


Furosemide is a unique agent, 
potent in an unusually wide range of 
dosage strengths. But it is also inher- 
ently insoluble. And that’s why the 
manufacture and quality control of 
this agent are but two of several criti- 
cal factors in its effectiveness. For it 
has been shown that drug solubility 
can alter absorption and thus can 
seriously affect bioavailability. 





40mg’: 


And it was apparently this type 
of problem with certain unlawfully 
marketed versions of furosemide that 
prompted the FDA to alert patients 
that these substitute drugs “may be 
ineffective and therefore harmful to 
patients who need the drug.”? 


Lasix® tablets, on the other hand, 


havea record of safety and efficacy that 
is exemplary —a record firmly estab- 
lished in almost 6,000 published 
papers. Since its introduction, 7.8 bil- 


lion Lasix® tablets have been manufac- 


tured — without a product recall by the 
Government for any reason. More- 
over, stability studies demonstrate that 
Lasix® tablets remain unimpaired in 
potency over a five-year period * 


All this is made possible by the 
thoroughness, experience, integrity 
and worldwide resources ofthe Lasix® 
innovator, Hoechst, the name behind 
the great clinical success ofthe product. 
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We're asking every 


physician who prescribes 

Lasix® (furosemide)* tablets t 

B show patients how to identif 

BS them. If it doesn't say Hoech 

fee it isn t Lasix. Make sure youi 
BE patient checks for the name 

ss Hoechst” on the tablet. 


So to be sure of consistent pei 
formance, tablet after tablet, specii 
Lasix® and tell patients to double- 
check that the furosemide they recei 
is dispensed as Lasix*. . .available ir 
wide selection of dosage forms an 
strengths, including the only oral 
solution form of the drug. 


Lasix*— one less variable in tl 
treatment of cardiac edema. 
1. HEW News, publication 79-6. U.S. Department | 


Health, Education, and Welfare (Food and Drug 
Administration), March 30, 1979, p. 1. 


"Data on file and available upon request from 
Hoechst-Roussel Pharmaceuticals Inc., 
Somerville, N.J. 08876. 
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* U.S. PATENT 3,058,882 


Because there’s no substitute for quali 


Lasix® (furosemide) 


A brief summary of the Prescribing Information for Lasix 
(furosemide). Tablets 20, 40 and 80 mg 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probably will not be adequately con- 
trolled with furosemide alone 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drugés contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity 
Exercise care in patients receiving potassium-depleting 
steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter, and correct cbnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is best carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances that 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known Sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairment 
have been reported 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral tnerapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used. ) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
are particularly important when the patient is vomiting exces- 
sively or receiving porenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity. 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 


as furosemide may enhance the nephrotoxicity of cephaloridine. 


Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agent for therapeu- 
tic use. 

it has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect nas 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antihypertensive effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis. 
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The Royal Alexandra Hospital has been 
provided with funding from the Alberta 
Heritage Savings Trust Fund for a new car- 
diovascular diagnostic unit. 








The Hospital is seeking a full-time Director 
of the Division of Cardiology. The position 
will carry a conjoint appointment with the 
University of Alberta. The responsibilities will 
include administration of the D vision of 
Cardiology, catheterization lab, research, and 
patient service as well as participation in un- 
dergraduate and graduate education. 


The Royal Alexandra Hospital is a 1000 
bed hospital affiliated with the University of 
Alberta. 


Applicants please send curriculum vitae 
plus four references to: 


CHAIRMAN, Selection Committee 
Division of Cardiology 

Room 1106, Royal Alexandra Hospital 
10240-Kingsway 

Edmonton, Alberta, Canada 
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For patients with hard, dry stools 

Hard, dry stools hurt, and may be hazardous 

by causing straining. SENOKOT-S Tablets offer 
comfortable relief by softening the stool and 
stimulating its movement. 

Provides standardized senna concentrate, 

a Clinically established laxative of choice 
Standardized senna concentrate is a gentle, 
effective neuroperistaltic stimulant with documented 
effectiveness in thousands of patients. Its virtually 
colon-specific, gentle, predictable action is generally 
free of side effects at proper dosage levels. 
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the “S” stands for softener 


Provides DSS, the classic stool softener 
DSS in SENOKOT-S Tablets complements the 
laxative effect of standardized senna concentrate 
by "moistening" and softeninc the stool for 
smoother and easier passage. 

Comfortable overnight action 

With DSS and standardized senna concentrate, 
SENOKOT-S Tablets provide both softness and 
stimulation for constipated patients with hard, dry 
stools. Taken at bedtime, SENOKOT-S Tablets 
usually induce predictable, comfortable evacuation 
the next morning. 
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REPORTS ON THERAPY 


303  Hydralazine in the Management of Left Ventricular Failure 
E DAVID H. FITCHETT, JOSE A MARIN NETO, CELIA M. OAKLEY and JOHN F. GOODWIN 


After the injection of a single 20 mg intravenous bolus dose of hydralazine and oral administration for 4 to 6 
weeks, similar favorable hemodynamic responses were recorded in 16 patients with left ventricular failure. 
These included an increase in cardiac output, stroke volume and reduced left ventricular filling pressure without 
a significant change in heart rate despite a slight decrease in mean arterial pressure. These hemodynamic bene- 
fits disappeared several days after long-term administration of oral hydralazine was discontinued, confirming 
that these changes had been induced by and were dependent on the drug. In one patient progressively severe 
heart failure required discontinuation of use of the drug. In one patient a positive antinuclear factor developed 
without clinical evidence of the lupus syndrome. The data also show that patients with heart failure respond very 
differently to a vasodilator than do normal or hypertensive subjects without heart failure. 


310 Differences in the Hemodynamic Effects of Nitroprusside and Prazosin in Severe Chronic Congestive 
Heart Failure: Evidence for a Direct Negative Chronotropic Effect for Prazosin 


MILTON PACKER, JOSE MELLER, RICHARD GORLIN and MICHAEL V. HERMAN 


Comparison of the hemodynamic effects of oral prazosin and intravenously administered nitroprusside in nine 
patients with heart failure refractory to conventional therapy and matched for a similar reduction in left ventricu- 
lar filling pressure showed similar changes except for a significantly greater decrease in heart rate with prazosin 
(—8 beats/min). Prazosin produced significantly smaller increments in cardiac index and greater decreases in 
mean systemic arterial pressure than did nitroprusside. These results suggest that prazosin exerts a significant 
negative chronotropic action independent of its peripheral vascular effects. This action may potentiate the pro- 
found symptomatic hypotension that frequently occurs with large initial doses of prazosin in hypertensive 
subjects and the greater decreases in mean arterial pressure in patients with heart failure treated with this drug. 
Caution is advised in the use of prazosin in patients with sinus node disease in whom severe symptomatic brady- 
cardia may occur. 


318 Improvement of Exercise-Induced Left Ventricular Dysfunction With Oral Propranolol in Patients With 
Coronary Heart Disease 


ALEXANDER BATTLER, JOHN ROSS, Jr., ROBERT SLUTSKY, MATTHIAS PFISTERER, 
WILLIAM ASHBURN and VICTOR FROELICHER 


Evaluating the effects of propranolol on global cardiac function during exercise with equilibrium radionuclide an- 
giography in 10 patients with ischemic heart disease, these investigators found that administration of this drug 
increased the average ejection fraction by 22 percent relative to the values during the same exercise without 
propranolol. The results indicate that oral propranolol therapy in patients with coronary artery disease can ame- 
liorate left ventricular dysfunction induced by exercise and thereby reduce myocardial ischemia. These effects 
of propranolol appear to be mediated during exercise through a combination of reduced oxygen utilization and 
improved oxygen delivery in marginally perfused areas. These results suggest that such improvement of the left 
ventricular ejection fraction during exercise when a patient is given propranolol may be a useful test to predict 
the presence of a viable myocardium before coronary arterial surgery. 


325 Effects of Antihypertensive Therapy on Cardiovascular Response to Exercise 
WON R. LEE, LAY M. FOX and LAWRENCE M. SLOTKOFF 


Although alpha methyldopa and hydrochlorothiazide were equally effective in reducing resting arterial blood 
pressure in 15 subjects at rest, alpha methyldopa provided a slower build-up, a lower ceiling, and more rapid re- 
covery of arterial pressure in response to exercise stress than did hydrochlorothiazide. It also presumably re- 
duced myocardial oxygen demand without reducing work capacity. This study further indicates that these agents 
exert different modes of antihypertensive action and that good control of resting arterial pressure does not nec- 
essarily provide adequate protection against an abnormal rise in arterial pressure during exercise. The total du- 
ration of exercise was unchanged with either drug. 


Continued on page A31 
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We uncrate it for you, 
install it and see that 
its operating correctly. 


It takes special training even to un- 
crate the Roche AVCO Intra-Aortic 
Balloon Pump correctly. That's why 
we insist on doing it for you! After 
uncrating, after installation, after 
checkout...your warranty begins. 
Most other companies leave you 
on your own. 


—— > 
p eg: 





The Roche AVCO IABP has 
a warranty for a full year. 


In addition, service is available for as 
long as you use it. Specially trained 
field service technicians are avail- 
able 24 hours a day, 7 days a week. 
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We train your personnel 
in its use, now and 
in the future. 


Our cardiovascular training special- 
ists come to your hospital at a desig- 
nated date at no charge to you and 
instruct your personnel in a formal 
training-program: You support your 
patients better, because we support 
you better. Furthermore, within six 
months we will send our cardiovas- 
cular training specialist to participate 
in your first use of the Roche AVCO 
IABP, or conduct a refresher course 
for trained personnel or train new 
personnel in your hospital. Additional 
training courses are available in all 
parts of the country, and special 
sessions can be scheduled as you 
feel necessary for as long as you own 
the equipment. No other company 
we know of works so hard to help 
you help your patients. 
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Gentlemen, ( Please have a representative call to set up anap- \ 
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nditatlons: Based onva review of this drug by the National Academy of 
ane Nina! Research Council and/or other information, FDA has 
ish | dications as follows: 
“Pre Eve: When taken by the sublingual or chewable route, 
al and Chewable Tablets are indicated for the treatmerit of 
' HA for prophylaxis in'situations likely to provoke 


foy, adaki route, Isordil is indicated for 
ary disease). It is not in- 
ste angit but iswidely regarded as 
ctict reatment ol angina pectoris. 
> less than-effective indications requires further 





investigation. ‘NS 






Contraindication: Idios yn Te to this drug 
Warnings: Data supporting the u: | early days of the 
acute phase of myocardial infarction od during which clinical and 
laboratory findings are unstable) are insufficient to establish Safety. 
Precautions: Tolerance to this drug and cross- ‘tolerance to other nitrites and 
nitrates may occur. 






«fOr, more accurate 
titration of dosage to 
jravent angina attacks 


The established use of Isordil in the manage- 
ment of angina pectoris for more than two 
decades has often been ascribed only to the vaso 
dilatation it produces in the coronary arteries. 
Recent investigations, however, suggest that an 
even more important effect of this agent is to 
dilate peripheral arteries and veins. Arterial dila- 
tation lowers impedance to left ventricular ejec- 
tion, reducing afterload. Venous dilatation leads 
to venous pooling and a fall in right and left ven- 
tricular filling pressure, thus reducing preload. 


With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
sumed by the heart should be decreased. Isordil 
canthus reduce myocardial oxygen requirement: 
and relieve or prevent attacks of angina pectoris 
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Lu dablets, 2° mg and 5 mg SORDS TITRADOSE* t f lägainst angina 
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physiological antaggnist fo Rorepinep rine, acetyichdline, histamine, and ! 
many other agents 7 An occasional individual exhibits marked sensitivity to 
the hypotensive £tfects of nitrite, and severe responses (nausea, vomiting, 
weakness, restl s. pallor;.perspiration and collapse) can occur even 
with the usual utic dose. Alcohol m enhance this effect. Drug rash 
and/or exfoliati dermatitis may occasionally occur. 


Consuit direction circular before prescribing. 


May we send you reprints, detailed information and/or professional 
samples? 


IVES LABORATORIES INC. 


New York, New York 10017 
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29 Management of Intractable Ventricular Tachyarrhythmias After Myocardial Infarction 


ROBERT W. WALD, MENASHE B. WAXMAN, PAUL N. COREY, JOHN GUNSTENSEN and 
BERNARD S. GOLDMAN 


e inthis study of 25 patients with intractable ventricular tachyarrhythmias after myocardial infarction, cardiac cath- 
eterization or autopsy revealed a left ventricular aneurysm in 18 of 18 patients and obstruction of the left anterior 
descending coronary artery in 20 of 20 patients. In contrast to the death of all 9 medically treated patients, 10 of 
the 16 patients treated surgically with aneurysm resection or coronary bypass grafting, or both, were alive after 
3 to 39 months of follow-up. The operative mortality in such cases is high (31 percent) possibly due to aggres- 
sive preoperative use of antiarrhythmic agents with myocardial depressant properties. Operative mortality is 
lower if at least 4 weeks have elapsed since acute myocardial infarction. Aneurysmectomy with or without coro- 
nary bypass surgery offers a reasonable last therapeutic resort in patients with intractable ventricular tachycar- 
dia due to marked left ventricular dysfunction after a massive anterior infarction with aneurysm formation. 


39 Polymorphous Ventricular Tachycardia: Clinical Features and Treatment 
SAMUEL SCLAROVSKY, BORIS STRASBERG, RUBEN F. LEWIN and JACOB AGMON 


Patients with severe myocardial involvement receiving antiarrhythmic drugs for premature ventricular com- 
plexes, especially the multiform variety, are at high risk for the development of polymorphous ventricular tachy- 
cardia characterized by polymorphy of the QRS complexes, changing R-R intervals and a heart rate of 150 to 
300 beats/min. Thirty-four cases of this condition were found in a retrospective review of the records of 5,000 
patients in an intensive coronary care unit between 197 1 and 1977. All of the patients received lidocaine and di- 
rect current cardioversion or defibrillation as initial treatment. Only seven patients responded favorably to this 
treatment. The most effective method of treatment to avoid recurrent episodes of this arrhythmia was fast ven- 
tricular pacing between 100 to 140 beats/min. In some, isoproterenol infusion was helpful, especially in con- 
junction with pacing. 


REVIEWS 


45 Fine Structure of Cells and Their Histologic Organization Within Internodal Pathways of the Heart: 
Clinical and Electrocardiographic Implications 


LIBI SHERF and THOMAS N. JAMES 


These electron microscopic studies of the fine structure of the normal internodal pathways in one human heart 
and two canine hearts and histologic observations in many more hearts found five of six different kinds of myo- 
cardial cells in both the posterior and anterior internodal pathways. The sixth, an ameboid cell, pleomorphic and 
dark in appearance, with a special intertwined relation to P cells, was found solely in the Eustachian ridge (poste- 
rior internodal pathway). The importance of these cells and their implications for electrophysiology are dis- 
cussed relative to certain functions, including rapid conduction and subsidiary pacemaking. These investigators 
posit a specialized cellular conduit inside the internodal and interatrial pathways along which the electric current 
flows more rapidly than elsewhere in the atrium. They attribute the pattern of a negative P wave in leads Il, Ill and 
aVF with a normal P-R interval and no change in heart rate to a structural or functional block in the proximal ante- 
rior internodal pathway and, with a change in heart fate, to an ectopic active pacemaker in the low right atrium 
near the Eustachian ridge. 


HISTORICAL MILESTONES 


0 An Annotation on the Pulse in Aortic Regurgitation: Thomas Cuming, 1822 
PAUL KLIGFIELD 


Although William Cowper in 1705, Raymond Vieussens in 1715 and Thomas Cuming in 1822 noted the charac- 
teristic bounding pulse of aortic regurgitation, history accorded Dominic Corrigan eponymic credit and fame for 
correlating the signs of the disease with an understanding of the underlying valve pathophysiology in 1832. This 
historic milestone calls attention to the little known report by Thomas Cuming in the Dublin Hospital Reports that 
correlated signs and symptoms of aortic regurgitation proved at autopsy with the clinical signs and circulatory 
dynamics during life. 


Continued on page A35 
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The search for 
the perfect pacemaker 
Shape has finally 
turned the corner. 


It should come as no surprise to you that a number of pacemakers 
have taken on some pretty strange configurations. 
In the final analysis, though, there can be only one ultimate 
shape. An optimum design. Biocompatibility superior to all others. 
Introducing our S 3000. It comes with a small connection 
that provides an optimum lead exit angle free of harsh bends. It is a 
connection that is an integral part of the total shape. Not an obvious 
afterthought. 
The S3000 has softly rounded, high radius edges and cor- 
ners. That’s important for a pacemaker. After all, sharp edges can 
be traumatic. And they can cause pocket erosion. 
Actual Size. SI The gently curving, rectangular 
NEN shape of the $3000, plus its very low 
density, minimizes rotation and the dee sd n Vide oR 
| capstan effect. Which leads us to has softly rounded edges - the ultimate 
d our point. pacemaker shape. 

At Vitatron, the challenge to us goes well beyond making a 
pacemaker that is electronically and technologically superior. It's 
biocompatibly superior, too. 

If you would like to learn more about the S 3000, write to 
us. Vitatron Medical b.v., P.O. Box 76, Kanaalweg 24, Dieren, 
The Netherlands. In the United States: Vitatron Medical Inc., 
One Gateway Center, Newton, MA 02158. 
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Burdick’s EK-670 Cardiograpl 


Designed for today's needs...tomorrow's demands. 


Computer- 
assisted 
ECG 
interpretation“ 


Doctor-to- 
Doctor ECG dataphone 
communication 


The new Burdick EK-670 takes you in any direc- 
tion you want to go, or grow, in electrocardiography. It’s 
your key to expanded cardio-diagnostic systems. 

What sets the EK-670 apart from other 3-channel 
cardiographs is that it has been designed for multi-pur- 
pose use as well as easy conversion to full computer- 
compatibility anytime in the future. You can delay in- 
vestment for computer-assisted ECG interpretation until 
you need it. 

Moreover, a variety of different uses makes the 
EK-670 even more versatile when you add optional 
Burdick components for: 3-channel Exercise Tolerance 
testing; phonocardiography; doctor-to-doctor data- 
phone communications. 

With the EK-670 you get one-button, automatic 
ECG recording for standard 12-lead ECG's. You can 
also record a standard 12-lead ECG with your choice of 


Phonocardiograph 








Standard 
3-channel ECG 
with new, wide-pape! 
format...eliminates _ 
ECG mounting. 


Exercise 
tolerance testin 
procedures 


an optional lead group; the optional lead group can be 
XYZ, or any three of the 12 standard leads, in any order. 
Or you can manually record your choice of lead groups 
in any order. Recordings are produced on Burdick's 
easy-to-read BlueTrace 3-channel paper. Tracings are 
scratch-resistant and smudge-free. The new wide- 
paper format provides space for patient history, elim- 
inating the need for mounting. 

The EK-670 gives you cost-efficient, second-gen- 
eration performance, reliability, quality engineering and 
a simplified, easily maintained writing system. 

Invest in the present, with an eye to the future. Buy 
now only what you need—add computer-compatibility 
later at moderate cost. For more information or a dem- 
onstration, call toll-free (800) 356-0701. Within Wiscon- 
sin (608) 868-7631 or write The Burdick Corporation, 
Milton, Wisconsin 53563. 


BURDICK 
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-372 Noninvasive Diagnosis of Left Ventricular Pseudoaneurysm: Role of Two Dimensional 


Echocardiography and Radionuclide Gated Pool Imaging 


RICHARD J. KATZ, ALLAN SIMPSON, ROBERT DiBIANCO, ROSS D. FLETCHER, H. RICHARD BATES 
and BERTRAM J. L. SAUERBRUNN 


In recent years both invasive and noninvasive techniques have facilitated the premorbid diagnosis of pseu- 
doaneurysm. In this reported case two dimensional real time echocardiography combined with nuclear scanning 
correctly identified the pseudoaneurysmal sac and the site of left ventricular rupture. Further evaluation with car- 
diac catheterization and left ventricular angiography confirmed the presence of a large pseudoaneurysmal sac 
with its narrow neck and a small posterior wall true aneurysm, both of which were successfully repaired surgi- 
cally. Although the M mode pattern of pseudoaneurysm has distinguishing features, the pattern is nonspecific; 
it may simulate pericardial effusion or cyst and anterior and lateral aneurysms may not be visualized. Two dimen- 
sional real time echocardiography is ideally suited to delineate the gross anatomic features of a pseudoaneur- 
ysm as in this case. 


378 Absence of Paradoxical Pulse in Patients With Cardiac Tamponade and Atrial Septal Defects 


381 


385 


387 


394 


395 


HOWARD E. WINER and ITZHAK KRONZON 


Equilibration of blood flow across the atrial septal defect was apparently responsible for the absent paradoxical 
pulse in five patients with atrial septal defect and cardiac tamponade. For these patients echocardiography 
showed no respiratory variation in left ventricular internal dimension or mitral valve excursion. When the clinical 
setting suggests cardiac tamponade and no paradoxical pulse is present, an atrial septal defect should be sus- 
pected. In this situation echocardiography is useful for diagnosing both the atrial septal defect and a large peri- 
cardial effusion. Moreover, as shown here, the magnitude of right ventricular dilatation in atrial septal defect may 
be diminished in the presence of cardiac tamponade. 


CASE REPORTS 


Dissecting Aortic Aneurysm Involving a Right-Sided Aortic Arch 


PETER ROAN, STEPHEN PARISH, L. MAXIMILIAN BUJA, AARON ESTRERA, LAWRENCE MILLS, 
JAMES ATKINS and JAMES WILLERSON 


Constituting the first reported instance of a dissecting aortic aneurysm involving a right-sided aortic arch, this 
case illustrates the necessity to define precisely the pathoanatomy before a therapeutic program for aortic dis- 
section is begun. In this patient the initial aortography in a left anterior oblique position produced poor visualiza- 
tion of the arch. At operation the aortic diverticulum was thought to be involved by the dissection, which necessi- 
tated the surgical ligation of the left subclavian artery. This situation was unfortunate because the right common 
carotid artery had been ligated previously and the right subclavian and vertebral arteries, although patent, were 
compromised by recent dissection. If uncertainty exists concerning the anatomy of the right-sided arch and aor- 
tic diverticulum, repeat aortography and the continuation of aggressive medical therapy may be the best ap- 
proach. 


EDITORIALS 


Fine Structure of Internodal Pathways 
BRIAN F. HOFFMAN 
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6,000,000 fewer beats a yea 








Be. use of the w y Inder 
naera HCI) 
works, the anginal 






heart 
doesn't have to work so hard. 


Consider the anginal heart at stress: It works harder, faster. 

Needs more oxygen. Pumps harder, faster still. Strives for more 
oxygen—with pain. Anginal attack means more nitroglycerin. 
And that means faster heart rate. The cycle repeats. 









Consider Inderal: It reduces heart rate—therapeutically—by some 12 
beats a minute. '® 720 fewer beats per hour. Some 6 million fewer beats 
per year. That means less work for the anginal heart. Less oxygen 
demand by the myocardium. Fewer anginal attacks. Less need for 
sublingual nitroglycerin. More tolerance for exercise—and more 
freedom of action. 


Reduction in heart rate is modest: should not be cause for concern. ' 

The relatively low dosages required for angina prophylaxis (an average 
of 160 mg/day) produce few, if any, serious adverse reactions, which 

in any case are readily recognized and controlled. 


With proper patient selection—in the absence of bronchial asthma, 
sinus bradycardia, or heart block greater than first degree—risk of 
precipitating cardiac failure is extremely rare. And withdrawal prob- 
lems may be avoided by reducing dosage gradually —rather than 
abruptly.* 











onsider too: There is also a favorable redistribution of perfusion to 
he vulnerable subendocardium.* And, in patients who may still need 
nitroglycerin p.r.n., INDERAL will cancel the undesirable increase 


in heart rate and contractility. 

rescribe INDERAL with confidence. E ffec- INDERAL 

ive. Reliable. For patients with moder- 
ate to severe angina in whom conven- (PROPRANOLOL HCI) 
ional measures have failed. TODAY'S 40mg 80mg tabs. 
Ae Bids ibeiodihe atones ot abrupt withdrawal, planes BENCHMARK 
onsult the prescribing information on the following page. 
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-BRIEF SUMMARY 
` (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
Inderal* BRAND OF 


. PROPRANOLOL HYDROCHLORIDE 


A beta-adrenergic blocking agent 


" BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 


SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA). AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS 
Beta receptor blockade is useful in cond tions in which, because of pathologic or functional 
changes. sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 


severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 


drive which should be preserved In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 


tior but not to the degree that may impair necessary sympathetic support. 


Fropranolol may reduce the oxygen requirement of the heart at any given level of effort by 


[ blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the 
. velocity and extent of myocardial contraction On the other hand, propranolol may increase 


Oxygen requirements by increasing left ventricular fiber length, end diastolic pressure, and 
systolic ejection period. 

It the net physiologic effect of beta adrenergic blockade in angina is advantageous. it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 


gen requirement. 


INDICATION 


_ Angina Pectoris Due to Coronary Atherosclerosis: The initial treatment of angina pectoris 


involves weight control, rest, cessation of smoking, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. INDERAL is indicated in selected patients with moderate 
to severe angina pectoris who have not responded to these conventional measures. 
Prapranolol should not be used in patients with angina which occurs only with considerable 
effort or with infrequent precipitating factors 

INDERAL exerts both favorable and unfavorable effects, the preponderance of which may be 
beneficial. (See ACTIONS Section.) INDERAL should not be continued unless there is reduced 
pain or increased work capacity 

Because of the potential for adverse results, treatment should be carefully monitored. The 
patient should also be reevaluated periadically since the dosage requirement and the need to 


. continue INDERAL may be altered by clinical exacerbations or remissions. (See DOSAGE AND 


ADMINISTRATION.) 
Additional studies of the effects of INDERAL in angina pectoris patients are in progress to 
better evaluate and define the proper role of INDERAL in this condition. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season: 
3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL., 7) in patients on 
adsenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 
week withdrawal period from such drugs. 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
tion in congestive heart failure, and inhibition with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(¿e , that of supporting the strength of myocardial contractions). In patients already receiving 


_ digitalis. the positive inotropic action of digitalis may be reduced by INDERAL's negative inotrop- 


ic effect. The effects of INDERAL and digitalis are additive in depressing AV conduction 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can, in some Cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
response observed closely. a) if cardiac failure continues. despite adequate digitalization and 
diuretic therapy, INDERAL therapy should be immediately withdrawn; b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 
followed until threat of cardiac failure is over. 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina 
» end, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
therapy. Therefore, when discontinuance of INDERAL is planned the dosage should be 
. gradually reduced and the patient carefully monitored. In addition, when INDERAL 
is prescribed for angina pectoris, the patient should be cautioned against interruption or 


cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 

and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, 

who are given propranolol for other indications 





IN PATIENTS WITH THYROTOXICOS!S. possible deleterious effects from long term use have 
not been adequately appraised Specia! consideration should be given to propranolol's poten- 
tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
inc or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
Quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY. beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available evidence. However, in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists. its effects can be 
reversed by administration of such agents, e g., isoproterenol or levarterenol. However. 
such patients may be subject to protracted severe hypotension. Difficulty in restarting and 
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maintaining the heart beat has atso been reported. 


IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e g., CHRONIC BRONCHIT 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodil 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenerc 
biocking activity, INDERAL may prevent the appearance of premonitory signs and symptom 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to ke 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pr 
Cipitous elevation of blood pressure. 

USE IN PREGNANCY: The sate use of INDERAL in human pregnancy has not been es- 
tablisned. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. E 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum ret 
ommended human dose. 
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PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should be @losely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug rr 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasiona 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycart 
resulting in vertigo, syncopal attacks. or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The @rug should be used with caution in patients with impaired re 
or hepatic function 


ADVERSE REACTIONS 

Cardiovascular: bradycardia; cengestive heart failure; intensification of AV block; hypotensic 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, la: 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for tim 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, cor 
s'ipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpure 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, se 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been cont 
sively associated with propranciol. 

Clinical Laboratory Test Findings: Elevated blood urea levels ir patients with severe heart ( 
ease. elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 

The dosage range for INDERAL is different for each indication. 
ORAL 

ANGINA PECTORIS — Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and affedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established. 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks 
(See WARNINGS.) 


PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions for use 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING ME. 
SURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPON 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS 

HYPOTENSION — VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE I 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 

TABLETS (propranolol hydrochloride) 

No. 461 — Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 
1.000. Also in unit dose package of 100 

No. 462 — Each scored tabiet cantains 20 mg of propranolol hydrochloride, in bottles of 100 
1.000. Also in unit dose package of 100 

No. 464 — Each scored tablet cantains 40 mg of propranolol hydrochloride, in bottles of 100 
1,000. Also in unit dose package of 100. 

No. 468 — Each scored tabiet cantains 80 mg of propranolol hydrochloride, in bottles of 100 
1.000. Also in unit dose package of 100 


INJECTABLE 
No. 3265— Each ml contains 1 mg of propranolol hydrochloride in Water for Injection. The p 
adjusted with citric acid. Supplied as 1 mi ampuls in boxes of 10. 


References: 1. Dagenais, G.R. Pitt, B., and Ross, R.S.: Am. J. Cardiol. 28:10 (July) 1971 

2. Ginn, WM , and Orgain, E.S. J.AM.A. 198:192 (Dec. 12) 1966 3. Zeft, H.J., Patterson, S. 
and Orgain, E.S.: Arch. Intern. Med. 124:578 (Nov.) 1969 4. Dunér. H., and Pernow, B. ‘Acta 
Med Scand. 194:517 (Dec ) 1973. 5 Zsotér. TT, and Beanlands. D.S.: Arch. Intern. Med. 
124 584 (Nov.) 1969. 6. Wiener. L., Dwyer, E.M., and Cox, J.W.: Circulation. 39:623 (May) 1 
7. Shand, D.G.: Drug Therapy & 53 (July) 1978. 8 Cohen. L.S.. in Braunwald, E. (ed): Beta- 
Adrenergic Blockade, A New Era in Cardiovascular Medicine: Proceedings of an Internatio 
Symposium, New York, Excerpta Medica/Elsevier, 1978, pp. 143-151 
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NEW 


1. The Treatment of Acute Myocardial Ischemia: an Integrated Medical-Surgical Approach 


LAWRENCE H. COHN, M.D., (ed.) 

s illustrations, 1979 $23. 
CONTENTS 240 pages, 21 tables, 54 ill 79 $23.00 
Foreword, Norman E. Shumway, M.D.; Foreword, Eugene Braunwald, M.D.; Introduction, Lawrence H. Cohn, 
M.D.; The Pathology of Myocardial Infarction, Michael Fishbein, M.D.; The Pathophysiology of Acute 
Myocardial Infarction and Modification of Infarct Size, James E. Muller, M.D., Peter R. Maroko, M.D., and 
Eugene Braunwald, M.D.; Surgical Techniques of Emergency Coronary Revascularization, Lawrence H. 
Cohn, M.D.; Medical/Surgical Treatment of Unstable Angina, Peter F. Cohn, M.D. and Lawrence H. Cohn, 
M.D.;Medical/Surgical Treatment of Acute Myocardial Infarction, Joseph S. Alpert, M.D. and Lawrence H. 
Cohn, M.D.; Medical/Surgical Treatment of Arrhythmias of Myocardial Ischemia, Joshua Wynne, M.D., 
Joseph S. Alpert, M.D., and J. Kenneth Koster, Jr., M.D.; Surgical Management of Mechanical Complications 
of Myocardial Infarction, John J. Collins, Jr., M.D. 


“What distinguishes this material from many others is the fact 
that members of the same hospital staff herein describe their 
modus operandi in effecting a unified medical, surgical and 
pathophysiological evaluation of the symptomatic patient with 
coronary artery disease." —from the Foreword by Norman 


E. Shumway, M.D. 


NEW 


"Dr. Cohn has successfully imparted the cooperative attitude 
that exists among the cardiologists and cardiovascular surgeons 
at the Peter Bent Brigham Hospital, and presents very effec- 
tively, indeed, the manner in which acute myocardial ischemia 
is viewed and treated at one institution"—from the 
Foreword by Eugene Braunwald, M.D. 


2. Stress and The Major 
Cardiovascular Disorders 
ROBERT S. ELIOT, M.D. 
160 pages, 18 illustrations, 1979 $14.95 


This is a timely and important book which offers new in- 
formation on lifestyle and how it affects people. Dr. Eliot 
covers areas not often discussed in medical texts and 
presents an interdisciplinary approach which should be 
useful to a variety of health professionals. The book pro- 
vides information for the management of individuals 
with regard to intervention and rehabilitation as well as 
possible prevention. 

Contents: Etiology; Risk Factors; Pathophysiologic 
Mechanisms; Diagnostic Tools; Behavioral Therapies; 


3. Dynamic Electrocardiographic Recording 
GERALD F. FLETCHER, M.D. 
176 pages, 20 tables, 75 ilustrations, 1979 $19.50 


A unique book about the most valuable non-invasive 
contribution in the last decade to the armamentarium of 
the clinical cardiologist for the evaluation of the car- 
diovascular patient: the portable ambulatory electrocar- 
diogram recording system. 

Contents: Introduction and Background; Dynamic 
Electrocardiographic Recording in the Evaluation of 
Dysrhythmias and Conduction Disturbances; Dynamic 
Electrocardiographic Recording in Cardiac Rehabilita- 
tion; The Technology of Dynamic Electrocardiographic 
Recording in Clinical Application; Dynamic Electrocar- 


diographic Recording in Certain Clinical Syndromes; 
Supplementary References; Management Problems 


Pharmacologic Therapy; Exercise; Family Life; 
Rehabilitation and Prevention. 





4. Management of Essential Hypertension 
F. GILBERT McMAHON, M.D. 
480 pages, 114 tables, 33 illustrations, 1978 $18.50 


“The organization of the book and its comprehensive style make it an excellent reference for specific antihypertensive 
drugs. "— Annals of Internal Medicine 


“This is a most remarkable book . . .comprehensive in scope, exhaustive in detail, and amply referenced. . . The writing 
is succinct and lucid, and the printed text, tables, and charts are of good size and extremely easy to read. .., This book 
is a model of what a teaching text on clinical pharmacotherapeutics should be. It will be of value to students, clinical 
pharmacologists, internists, cardiologists, and primary-care physicians. It should be in the personal library of every 
clinician who cares for patients with hypertension.” — Practical Cardiology 


















"Anyone concerned with the care of hypertensive patients will find this text a welcome addition to their reference 


library." —Chest 


FUTURA PUBLISHING COMPANY, INC., 295 Main Street, Mount Kisco, N.Y. 10549 





Please circle the number(s) referring to the book(s) you 
wish to order. 
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Cambridge 


Stress Test System 


Plug-in 


Programmability 


for individualized 
patient needs 


More than manual, more than auto- 
matic — it’s the only stress test sys- 
tem that gives you so many ways to 
control tests according to patients’ 
varying needs. 


You can, of course, choose the basic 
manual treadmill control module for 
remote control and display of speed 
and elevation. 


Or. you can combine convenience 

and repeatability by controlling the 
treadmill automatically — not with 

the locked-in program other auto- 

matic systems provide, but with an 

automatic test control package de- 
signed for total in-use flexibility. 


Providing automatic control of trêad- 
mill speed and elevation for dile test 
protocol up to 12 stages, this unique 
control package uses plug-in pro- 
gram cartridges you can buy pre-set 
from Cambridge to Bruce or Balke 
protocols ... or, program in minutes 


To change stress test programs, 
change the cartridge — 
inseconds. And youcan 
re- program the 
cartridge, toc. 


yourself. For hands-off control con- 
venience, just plug in the cartridge 
and start. To individualize the test, 
vary recording format, stage duration 
and recording duration with switch- 
selectable override controls. And for 
multiple test versatility, change pro- 
tocol in seconds by simply changing 
cartridges (ours, yours, or both). 


Either way, you get freedom of 
choice plus freedom from the high 
cost of dedication. The STS-II’s 
state-of-the-art 3-channel recorder 
is easily disconnected and rolled 


away as a stand-alone mobile unit for 
routine ECG use. You can even ex- 
pand system capability at a later date 
by adding heart-sound/pulse-wave 
orcomputer phone terminal options. 
Add the superior recording fidelity 
for the full range of high-frequency, 
low-amplitude signals, and it's easy 
to see why the STS-III is the best 
stress test system around. For de- 
tails, write or call: Cambridge 
Instrument Co., Inc., 

73 Spring St., Ossining, NY 10562 
(914) 941-8100 


Cambridge 
instrument 


Company, Inc. 
first in electrocardiography 





LANOXIN" 


(DIGOXIN) 

TABLETS 0.125 mg Scored (yellow), 1.D. Imprint Y3B 
0.25 mg Scored (white), I.D. Imprint X3A 
0.5 mg Scored (green), |.D. Imprint T9A 


LANOXIN * 


(DIGOXIN) 


ELIXIR P EDIATRIC 50 mcg (0.05 mg) per cc 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increasedardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
ue ig of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
eart failure. 

Digoxin, generally, is most effective in "low output" failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 


5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

UP. though rare, does occur. It may not extend to all preparations, and another may be 
tried. 

Ventricular fibrillation. 


WARNINGS: 


Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued as Soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially wien severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops. digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to Paes ce treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. ' 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure Supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, nemodialysis, and from 
Suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved on! 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

_. Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
complete heart block may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by other measures and by increasing the heart rate. 

- Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless Cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
patients with renal disease. Note: This applies also to potassium administration should it become 
necessary 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
elixirs, and tablets should be taken into account when switching patients from one preparation 
to another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 
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Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 

Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. 

ae nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. 

Cardiac disturbances (arrhythmias). Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysmal atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a Clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may alse induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial signs. 
Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias. atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more Common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents) When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given, with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The tctal dose should generally not exceed 2 milliequivalents of 
potassium/ kilogram 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given Cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should bé considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life. a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years of Me require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

Many children with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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m Quality, economy, and efficacy over the years. 
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Three hundred consecutive patients received coronary arterial bypass 
grafts as treatment for stenosis of the left main coronary artery. Ostial 
stenosis was more prevalent among women (P <0.001). Operative 
(hospital) mortality was 4 percent (12 of 300). Among 148 survivors who 
underwent recatheterization after a mean interval of 16.5 months, the graft 
patency rate was 88 percent. After a minimal follow-up period of 49 
months and a mean interval of 69 months, 75 percent of the survivors were 
asymptomatic and 94 percent were employed or fully active. The actuarial 
5 year survival rate was 88.2 percent. The presence of right coronary 
artery disease, abnormal preoperative ventricular function and incomplete 
revascularization adversely affected survival, but the differences did not 
reach statistical significance. Comparison of this long-term follow-up study 
with controlled and noncontrolled studies of nonsurgical treatment of 
obstructions of the left main coronary artery indicates that myocardial 
revascularization alleviates cardiac symptoms and increases life ex- 
pectancy in patients with severe atherosclerosis of this artery. 


Approximately 80 percent of the blood supply to the left ventricle is 
delivered through the left main coronary artery; thus, critical narrowing 
of this vessel is potentially the most lethal form of coronary atheroscle- 
rosis. That only a small proportion of patients with left main coronary 
artery disease have atherosclerosis confined to this short artery com- 
pounds the risk. Most patients with severe left main coronary obstruction 
have diffuse coronary atherosclerosis,!~4 and multiple obstructions in 
series further diminish the prognosis.?:? 

With conservative treatment, the outlook is poor for these patients. 
Natural history studies based on coronary arteriography indicate a high 
risk of death in the first 5 years after documentation of the lesion in the 
left main coronary artery. The mortality rate for nonsurgically treated 
patients was 35 percent at 30 months in the Veterans Administration 
Cooperative study,? and of 39 and 48 percent, respectively, at 24 months 
in two retrospective series. The Cleveland Clinic nonsurgical series 
was reported by Lim and associates,” who reviewed the cases of 141 pa- 
tients with at least 50 percent narrowing of the left main coronary artery 
and found a 51 percent 5 year mortality rate. A history of congestive heart 
failure, a generalized decrease in left ventricular contractility and three 
vessel disease adversely affected survival. However, the severity of the 
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stenosis in the left main coronary artery was not related 
to long-term survival. Conley et al." surveyed data on 
163 patients who had greater than 50 percent stenosis 
of this artery, finding a 50 percent mortality rate at 3 
years and a significantly decreased survival in patients 
with left main narrowing greater than an estimated 70 
percent. Their patients with three vessel disease had a 
68 percent 3 year survival rate in the presence of either 
a normal left main coronary artery or a stenosis of 50 to 
70 percent. However, with three vessel disease and 
greater than 70 percent obstruction, the survival rate 
was only 37 percent at 3 years. 

Further, they attempted to identify relatively high 
and low risk subgroups, evaluating patients as to the 
presence or absence of a history of congestive heart 
failure, class IV angina (New York Heart Association 
criteria), resting ST-T wave electrocardiographic 
changes, cardiomegaly, abnormal left ventricular con- 
traction, left ventricular end-diastolic pressure greater 
than 15 mm Hg and arteriovenous oxygen difference 
greater than 5.5 volume percent. The subgroup of pa- 
tients with two or more of these characteristics had a 25 
percent 3 year survival rate, whereas the 3 year survival 
rate in the low risk group, with none or only one of these 
risk factors present, was 74 percent. 

Before the advent of coronary arterial bypass graft- 
ing, surgical treatment afforded little or no benefit to 
these patients. Pichard et al. reviewed our surgical 
experience before 1967; they found a 28 percent hospital 
mortality rate and a 55 percent 3 year survival rate in 
55 patients who had left main coronary endarterectomy, 
direct patch angioplasty or internal mammary artery 
implantation. Stenosis of the left main coronary artery 
carried high morbidity and mortality rates in the early 
experience with bypass operations; as late as 1974 the 
value of prophylactic operations was questioned.?.!9 

To assess the results of direct coronary revascular- 
ization as treatment of stenosis of the left main coronary 
artery, a 5 year surgical experience of 300 consecutive 
patients who had 60 percent or greater obstruction of 
this artery was reviewed with respect to extent of pre- 
operative disease, ventricular function, completeness 
of revascularization, angiographic results, symptomatic 
response and long-term survival. The findings in this 
series are compared with those reported for patients 
treated conservatively, so that conclusions regarding 5 
year longevity are available. 


Clinical Material 


Description of series: From November 1968 through 
December 1973, a total of 300 consecutive patients who had 
60 percent or greater obstruction of the left main coronary 
artery proved at angiography underwent coronary arterial 
bypass grafting. The series begins with our first bypass op- 
eration for left main coronary stenosis and includes only pa- 
tients with isolated vein or arterial grafts; those with associ- 
ated valve repair or replacement, combined carotid endar- 
terectomy or reoperations for myocardial revascularization 
were excluded. The age range of the 300 patients—260 men 
(86.7 percent) and 40 women (13.3 percent)—was 28 to 79 
years (median 50.3 years). One operation was performed in 
1968, 13 operations in 1969, 28 in 1970, 59 in 1971, 104 in 1972 
and 95 in 1973. According to the New York Heart Association 
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classification,!? 9 (3 percent) were in functional class I pre- 
operatively, 112 (37.3 percent) in class II, 117 (39.0 percent) 
in class III and 62 (20.7 percent) in class IV. 

Angiographic data: [n 38 patients (12.7 percent), occlusive 
disease, estimated as 60 percent or greater obstruction of lu- 
minal diameter, was confined to the left main coronary artery; 
that is, no or only minor lesions were found in the left anterior 
descending, left circumflex or right coronary arteries. These 
38 patients were classified as having double vessel flisease, 
since the lesion lay above the bifurcation of the left anterior 
descending and left circumflex branches. In 65 other patients, 
also classified as having double vessel disease, severe coronary 
atherosclerosis was present in the left main coronary artery 
as well as in the anterior descending or circumflex distribu- 
tions, or both. Thus, of the 103 categorized as having double 
vessel disease, 38 had narrowing of the left main coronary 
artery only and 65 had additional severe narrowing in the 
anterior descending or circumflex artery, or both. In the re- 
maining 197 patients (65.7 percent), additional obstructions 
greater than 60 percent were found in the right coronary ar- 
tery, fulfilling the criteria for triple vessel disease. Of these 
patients with triple vessel disease, 26 had narrowing of the left 
main and right coronary arteries without severe obstruction 
in the left anterior descending or circumflex branch. On the 
other hand, diffuse disease was more common; 171 patients 
had severe narrowing in the left main and right coronary ar- 
teries along with severe obstruction in the left anterior de- 
scending or circumflex branch, or both. One hundred one 
patients (33.7 percent) had severe obstructions in the left 
main, left anterior descending, left circumflex and right cor- 
onary arteries. 

The site of atherosclerotic constriction in the left main 
coronary artery was in the distal third in 214 (71.3 percent), 
the proximal third in 59 (19.7 percent) and the mid third in 
15 (5.0 percent); 7 patients (2.3 percent) had atherosclerotic 
narrowing in a long segment; 5 patients (1.7 percent) had 
multiple obstructions. Eleven patients (3.7 percent) had 
complete occlusion of the left main coronary artery preoper- 
atively. Women had a greater incidence of left ostial lesions 
than men. Of 40 women, 16 (40 percent) had ostial narrowing 
of the left main coronary artery compared with 43 of 260 men 
(17 percent) (P «0.001). 

Preoperative left ventricular contraction was classified 
subjectively into normal contraction (minor abnormalities 
included), segmental hypokinesia or akinesia involving one 
or two myocardial segments, diffuse ventricular impairment 
of more than two myocardial segments, and frank aneurysm 
formation (Table I). Moderate to severe myocardial con- 
traction abnormalities were noted in 94 patients (31.3 per- 
cent). 



















Clinical Results 


Early mortality and perioperative myocardial 
infarction: Patients are listed according to the mag- 
nitude of the operative procedure and the corresponding 
operative mortality (hospital or 30 day mortality) in 
Table II. Twelve hospital deaths occurred, an operative 
mortality rate of 4 percent. Women had a slightly higher 
operative mortality rate, 3 of 40 (7.5 percent). Of the 12 
patients whose death was classified as operative, all but 
1 experienced myocardial infarction and fatal left ven- 
tricular failure. Specific causes of operative mortality 
included probable intraoperative myocardial infarction 
in six, evolution of a preoperative infarction in four, 
early closure of a vein graft with infarction in one and 
stroke in one. Of 15 patients who underwent emergenc 


TABLE | 
Preoperative Left Ventricular Function in 300 Cases 


Left Ventricular End-Diastolic 


Pressure 
Patients <15 >15 
(no.) mm Hg mm Hg 
Normal 206 163 43 
(68.7 96) 
Localized 
impairment 77 46 31 
Diffuse 
impairment 13 8 5 
Aneurysm 4 2 2 
Total 300 219 81 
(7396) (27 96) 


revascularization, 3 died intraoperatively or postoper- 
atively. Thirteen of these 15 emergency procedures were 
performed less than 24 hours after cardiac catheter- 
ization. Twelve of the surviving patients (4 percent) had 
perioperative myocardial infarction manifested by el- 
evated cardiac enzyme values and new Q waves in the 
electrocardiogram. Including operative deaths caused 
by infarction, 23 patients (7.7 percent) experienced 
perioperative myocardial damage. 

Graft patency: Postoperative coronary cinearteri- 
ography was performed in 148 (51.4 percent) of the 288 
surviving patients at an interval that ranged from 1 
week to 72 months, (mean 16.5 months). Table III 
records the patency rate of veins or arterial grafts con- 
structed to each of the major coronary vessels. Of 337 
grafts studied, 298 (88.4 percent) were patent. Thirty- 
six of these were internal mammary artery grafts, all of 
which were widely open. Ten of the 16 patients who had 
undergone right coronary endarterectomy were re- 
studied, and all of the grafts performed in conjunction 
with endarterectomy were patent. Of 148 patients who 
underwent a single postoperative catheterization, 141 
(95.3 percent) had at least one patent graft. Thirteen 
patients had two catheterizations postoperatively, and 
two had three postoperative catheterizations after a 
mean interval of 43 months. Of 27 vein grafts open ini- 
tially, 26 were patent later and three internal mammary 
artery grafts studied a second time remained patent. 
One circumflex graft stenotic proximally at 11 months 
became occluded. Second angiograms disclosed new 
lesions estimated at 50 and 20 percent, respectively, in 
vein grafts to a right coronary artery and a diagonal 
branch. 

Late mortality: Complete follow-up information was 
obtained. The survivors were reached by telephone; 
when there was a history of a postoperative cardiac 
event or an interim hospitalization, the physician was 
contacted to document the occurrence. Follow-up pe- 
riods ranged from 49 to 110 months with a mean fol- 
low-up interval of 69 months. There were 260 late sur- 
vivors; of these, 184 (70.8 percent) were followed up 60 
months or longer. Twenty-eight patients died in the late 
period after initial hospital discharge. Causes of late 
mortality included sudden death (within 1 hour of col- 
lapse) in 10 patients, documented myocardial infarction 
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TABLE Il 
Operative Mortality in 300 Cases 
Hospital 
Patients Deaths 
Operation (no.) (no.) 
Single vein graft 38 2 
Single IMA graft E — 
Double vein graft 133 7 
IMA + vein graft 27 L— 
Triple vein graft 64 2 
IMA + double vein graft 28 1 
Miscellaneous 6 -— 
Total 300 12 
(4%) 


IMA = internal mammary artery. 


in 6 patients, congestive heart failure in 3 patients and 
noncardiac factors in 9 patients. For those whose cause 
of death was not considered cardiac, the attributable 
causes were cancer, (three patients), alcoholic cirrhosis 
(two patients), hepatitis (one patient), diabetic acidosis 
(one patient), suicide (one patient) and stroke (one 
patient). 

Actuarial survival of the entire 300 patients calcu- 
lated to 5 and 6 years was 88.2 and 87.1 percent, re- 
spectively. Data on early and late mortality, survival at 
the point of follow-up (mean interval 69 months) and 
5 year actuarial survival for subgroups categorized by 
the extent of disease are shown in Table IV. There were 
no significant differences in 5 year actuarial survival 
among the subgroups. Combining the subgroups of 
patients with right coronary artery disease (narrowing 
greater than 60 percent) yielded an 85.2 percent 5 year 
actuarial survival rate as opposed to 89.3 percent for 
those without right coronary arterial stenosis (difference 
not significant). The actuarial survival at 5 years for 
patients with critical stenoses of the right coronary ar- 
tery, circumflex coronary artery and left anterior de- 
scending coronary artery as well as the left main coro- 
nary artery was 84.2 percent at 5 years, a figure not 


TABLE lll 


Postoperative Vein and Internal Mammary Artery Graft 
Patency 


RCA LAD Cx DG Total 
Vein Grafts 
Studied (no.) 64 106 120 9 299 
Occluded (no.) 11 8 19 0 38 
Patent (no.) 53 98 101 9 261 
Total (96) 82.8 92.5 84.2 100 87.3 
IMA Grafts 


Studied (no.) 0 31 1 4 36 
Occluded (no.) 0 0 0 0 
Patent (no.) 31 1 4 36 
Total (%) 100 100 100 100 


DG = diagonal branch; IMA = internal mammary artery; LAD = left 
anterior descending coronary artery; LCx = left circumflex artery; RCA 
= right coronary artery. 
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TABLE IV 
Survival in Subsets of Patients With Stenosis of the Left Main Coronary Artery 
Operative Early Late Late* Survival 5 Year 
Patients Deaths Mortality Deaths Mortality and Survival 
(no.) (no.) (%) (no.) (%) Follow-up! (96) 
LMCA only 38 3 7.9 0 0 92.1 92.1 
LMCA + LCx 9 0 0 0 0 100.0 100.0 
LMCA + LAD 22 1 4.5 5 23.8 72.7 81.8 
LMCA + LCx + LAD 34 1 2.9 1 3.0 94.1 97.1 
LMCA + RCA 26 2 CT 3 12.5 80.8 83.3 
LMCA + LCx + RCA 22 1 4.5 1 4.8 90.9 90.9 
LMCA + LAD + RCA 48 1 2.1 4 8.5 89.6 91.6 
LMCA + LAD + RCA + 101 3 3.0 14 14.3 83.2 84.2 
LCx 
Total LMCA series 300 12 4.0 28 9.7 86.7 88.2 


* Late mortality = no. of late deaths/no. of surgical survivors. 
* Mean follow-up: 69.4 months. 


LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; LMCA = left main coronary artery; RCA = right coronary 


artery. 


significantly different from the actuarial survival rate 
of other subsets. Figure 1 shows the actuarial survival 
curves for patients with isolated stenosis of the left main 
coronary artery, patients with left main stenosis plus 
anterior descending or left circumflex stenosis, or both, 
and patients with left main stenosis plus right coronary 
arterial stenosis. 

Correlation of survival with other clinical fea- 
tures: Revascularization was defined as complete when 
all major vessels (including diagonal and circumflex 
marginal branches) with estimated narrowing of 60 






a N 
> ‘—O-—-—-— - e: — l -e— -— © 
. ^. 
bj 


E 
". t 
ma, 
ee, e. 
*. 
2 
—ÓaÓ—á 


% SURVIVAL 


-:—'- ISOLATED LMCA n=38 
———-— _MCA + LAD +/or CX n=65 


ALL PTS WITH LMCA AND RCA 
STENOSIS n=197 


dede LMCA + LAD + CX + RCA n=lOl 





O | e 3 4 9 


YEARS 


FIGURE 1. Survival curves for four categories of patients classified 
according to the extent of accompanying atherosclerosis preoperatively. 
The top two curves represent those with isolated left main coronary 
artery (LMCA) disease or other lesions confined to the left anterior 
descending (LAD) or left circumflex (CX) arteries, or both. These two 
subsets had a 92 percent 5 year survival rate. In contrast, patients with 
more diffuse disease that involved the right coronary artery (RCA) faired 
slightly worse, as depicted in the lower two curves. The survival rate 
in these latter subsets was 86.8 and 84.2 percent, respectively. n — 
number of subjects; PTS = patients. 


percent or greater received bypass grafts. For 143 pa- 
tients with complete revascularization the 5 year sur- 
vival rate was 89.3 percent versus 87.1 percent for pa- 
tients with incomplete revascularization (difference not < 
significant). 

When survival was correlated with preoperative left 
ventricular contraction, 90.3 percent of those with 
normal contraction survived 5 years compared with an 
83.4 percent survival rate for those with estimated ab- 
normal contraction (P «0.075). 

The late clinical result was assessed according to the 
New York Heart Association functionai classification. 
Of the 260 patients who were alive, 196 (75.4 percent) 
had no cardiac symptoms and were considered to be in 
functional class I; 52 patients (20.0 percent) were in 
functional class II, 11 (4.2 percent) in class III and 1 in 
class IV. Late follow-up information included a survey 
of the patients’ work status. A total of 243 patients (93.5 
percent) were employed or fully active; 107 (41.2 per- 
cent) were employed full-time, 10 (3.8 percent) part- 
time; 126 (48.5 percent) were fully active but not em- 
ployed; 13 (5.0 percent) were inactive; and 4 (1.5 per- 
cent) were completely disabled. 

After a mean follow-up period of 69 months, 17 pa- 
tients (5.9 percent) of the 288 who survived operation, 
had experienced documented or suspected late nonfatal 
myocardial infarctions. Combining the 12 patients with 
perioperative nonfatal myocardial infarction with the 
17 patients with late nonfatal infarction produces a total 
of 29 patients who sustained nonfatal myocardial in- 
farction (9.6 percent of the total group of 300 pa- 
tients). 


Discussion 


Left main coronary arterial stenosis not only has a 
poor long-term prognosis when treated conservatively 
but also creates considerable risk for the patient 
undergoing evaluation and treatment. Experience has 
shown that patients with severe left main coronary ar- 
tery disease cannot be identified reliably using nonin- 
vasive means alone. Calcification in the area of the left 
main coronary artery noted on fluoroscopy, highly 
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positive stress exercise tests, and thallium scintis- 
canning may alert the investigator to the presence of 
high grade stenosis, but the diagnosis can be confirmed 
only with coronary cinearteriography. Although this 
obstruction is extremely dangerous and commands the 
respect of the angiographer, experience has been gained 
with these invasive studies and the risk of catheteriza- 
tionehas decreased substantially. 

From November 1968 through December 1973, the 
interval in which this operative series was compiled, 
approximately 16,700 cardiac catheterization studies 
were performed in our institution, of which 75 percent 
(12,500) were undertaken to confirm a diagnosis of 
coronary atherosclerosis. Twelve deaths were related 
directly to the coronary arteriography (0.1 percent); in 
two of these cases the patient had narrowing of the left 
main coronary artery. The exact number of patients 
with greater than 50 percent obstruction in this artery 
studied during this period is unknown; however, if the 
reported incidence rate of severe involvement of the left 
main coronary artery is correct at 6 to 10 percent, the 
risk of angiography for this subset would be approxi- 
mately 0.2 percent. 

Incidence: Eliminating combined procedures such 
as Vineberg implants, valve repair or replacement, and 
repair of associated congenital defects, 5,350 coronary 
arterial operations were performed during the study 
period. In 300 cases (5.6 percent) the operation was 
performed in a patient with left main coronary artery 
disease. Thirty-eight of the 300 (13 percent) had isolated 
atherosclerotic narrowing involving only the left main 
coronary artery. However, 13 of the 38 had minor lesions 
(estimated at 20 to 50 percent) in other coronary vessels, 
so that slightly less than 10 percent of the patients had 
atherosclerotic involvement confined to the left main 
artery. Associated right coronary arterial lesions were 
found in 197 patients (65.7 percent) of the series. Ostial 
stenosis may be less rare than previously thought.!! Of 
40 women, 16 (40 percent) had narrowing of the left 
main coronary orifice compared with 43 (17 percent) of 
260 men. Whether ostial stenosis is predominantly due 
to atherosclerosis has not been determined. 

Preoperative mortality and management: 
Bruschke,!? Cohen,!? and Lavine!‘ and their associates 
have pointed out that patients with severe stenosis of 
the left main coronary artery are at greatest risk in the 
first few weeks after coronary arteriography. A review 
of our records shows that in the 5 year period from 1968 
through 1973, four patients died in the hospital while 
waiting for an operation. In each instance, progressive 
angina preceded catheterization by a few months; and 
chest pain, presumably secondary to myocardial isch- 
emia, was the predominant symptom. The dangers in- 
herent in the highly symptomatic patient with severe 
obstruction of the left main coronary artery were not 
fully appreciated in these earlier years and highly 
symptomatic patients were not routinely monitored in 
a coronary care unit preoperatively. ‘These four patients 
experienced cardiac arrest within 72 hours after angi- 
ography and resuscitation maneuvers could not restore 
electromechanical activity. During the same period, 15 
patients underwent emergency operation because of 
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unstable angina or postinfarction instability, and 3 died 
during operation. 

Because of this experience, largely before 1972, we 
changed our approach to preoperative management. We 
agree with the principles of management outlined by 
Iskandrian!° and Sullivan!* and their colleagues, who 
underscore the importance of stability preoperatively. 
Today the hazards of abrupt withdrawal of propranolol 
are appreciated. Patients with documented obstruction 
of the left main coronary artery who have progressive 
or unstable angina are treated medically and thereafter 
given urgent operative priority. Appropriate treatment 
with bed rest, sedation, nitrates, nitroprusside and 
propranolol is given in a coronary care unit setting. 
Failure of pharmacologic means to relieve ischemia is 
an indication for intraaortic balloon pumping. When 
ischemia has been controlled and acute myocardial in- 
farction is ruled out, revascularization is undertaken. 
In 1972 and 1973, seven patients with progressive angina 
were treated in this fashion preoperatively and, after 
stabilization, electively underwent revascularization. 
No operative deaths or perioperative infarcts occurred. 
After 1973, four patients with left main coronary arterial 
stenosis who experienced cardiac arrest within 24 hours 
after catheterization were supported intraoperatively 
and postoperatively with intraaortic balloon pumping, 
and all four survived. 

Operative and hospital mortality: In our series of 
300 patients operated on through 1973, the hospital 
mortality rate was 4 percent, and all but 1 of the 12 pa- 
tients died of myocardial failure secondary to infarction 
or persistent ischemia. The operative mortality rate was 
higher for women (7.5 percent) than for men (3.5 per- 
cent). No clinical or distinguishing angiographic find- 
ings separated those who died intraoperatively from 
survivors in either the male or the female subgroup. 
These 300 consecutive patients received bypass grafts 
with the use of normothermic perfusion and anoxic ar- 
rest. In 1977 and the first 5 months of 1978, moderate 
systemic hypothermia and cold hyperkalemic cardio- 
plegia were used for myocardial protection during op- 
eration of most patients with left main coronary artery 
disease. The hospital mortality rate declined to 2.8 
percent in 286 consecutive cases, and only one operative 
death occurred in the last 80 patients. The discrepancy 
in mortality between men and women has disappeared. 
The short- and long-term effects of these techniques are 
under evaluation. 

Patency of saphenous vein versus internal 
mammary artery grafts: The saphenous vein auto- 
graft has been the procedure of choice for revascular- 
ization. The vein graft patency rate in 148 patients 
studied after a mean interval of 16.5 months was 88.4 
percent, and at least one patent graft was found in 141 
of 148 patients (95.3 percent). Vein grafts constructed 
to the anterior descending coronary artery had a 92.5 
percent patency rate in 106 grafts studied. For patients 
who have smaller coronary arteries and a left ventricle 
of normal size, the internal mammary artery graft ap- 
pears satisfactory when used in conjunction with a vein 
graft to the circumflex system. When only one graft into 
the left coronary circulation can be accomplished for 
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example, graft to the left anterior descending artery only 
with an ungraftable left circumflex artery, we prefer the 
vein graft because of its higher flow capability. In our 
opinion, a single internal mammary artery graft should 
not be relied on to support the entire left coronary cir- 
culation. A peak flow of 125 ml/min (mean flow deter- 
mination of internal mammary artery grafts in the op- 
erating room) will not supply the entire left ventricular 
myocardium. 

Long-term clinical results: Revascularization 
provided extremely effective symptom relief at a full 
level of activity for most patients. Seventy-five percent 
of the surviving patients were completely asymptomatic 
at a mean follow-up time of 69 months, 45 percent of the 
survivors were employed and an additional 49 percent 
were not employed but fully active. 

In part because a high percentage of nonsurgically 
treated patients with left main coronary artery disease 
die within a few years of diagnosis, data concerning the 
rate of nonfatal infarction in these patients are not 
available. Twelve of our surgically treated patients had 
a nonfatal perioperative infarction and 17 sustained a 
late nonfatal infarction. Therefore, 29 patients (9.6 
percent of the total group) had a nonfatal infarction. 

Late survival: The 5 year actuarial survival rate of 
88.2 percent for this group of 300 surgically treated 
patients represents a clear-cut improvement over the 
natural history of left main coronary artery disease. In 
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FIGURE 2. Actuarial survival calculation for 300 surgically treated 
patients with left main coronary artery (LMCA) disease (mean follow-up 
period 69 months) (top broken line) compared with data in the non- 
surgical series of Lim et al.? (lower solid curve). Including all hospital 
and late deaths, the 5 year survival rate was 88.2 percent. Of the 141 
patients treated nonsurgically, 51 percent survived 5 years. The middle 
broken curve represents data from an unpublished retrospective 
analysis by Lim et al. of those who by our standards today would have 
been good surgical candidates because of normal left ventricular 
function and favorable pathologic anatomy. Initially this subset fared 
better; however, at 5 years the mortality rate of approximately 50 
percent is identical to that of the composite medical series. CCF = 
Cleveland Clinic Foundation; n = number of subjects. 


1975, Lim et al.? reported a series of 141 nonsurgically 
treated patients from The Cleveland Clinic Foundation 
who were followed up a minimum of 5 years. They found 
a cumulative mortality rate of 43 percent at 3 years and 
51 percent at 5 years. A year later Lim reviewed the 
angiograms and selected patients who by our current 
standards would have been good surgical candidates on 
the basis of technically favorable vessel caliber good 
arterial runoff and normal ventricular function in the 
area of the proposed graft. The survival rate in this 
"surgical candidate" group was 50 percent at 5 years. 
Survival for our composite group of 300 patients treated 
surgically is shown in Figure 2 and compared graphically 
with survival curves from the nonoperative series of Lim 
et al.? Further, the medical series of Conley et al.,’ which 
had a 50 percent survival rate at 3 years and the medical 
group in the Veterans Administration cooperative 
study,? which had a 65 percent 3 year survival rate 
provide comparative data for our surgical series. These 
comparisons show that as a group, patients with left 
main coronary artery disease fare much better with 
surgical than with nonsurgical therapy. Whether data 
on survival with nonoperative treatment are obtained 
from controlled or noncontrolled series, before or during * 
the propranolol era, the prognosis appears equally 
dismal. 

Role of associated right coronary artery disease: 
However, questions are still raised as to the relative 
efficacy of surgical and medical treatment for all angi- 
ographic subgroups of patients with stenosis of the left 
main coronary artery. The nonoperative series reported 
by Conley et al.’ is not comparable with our total sur- - 
gical group because 82 percent of their patients had 
three vessel disease in addition to stenosis of the left 
main coronary artery. However, our comparable 
subgroup of 101 patients with left main coronary artery 
disease and triple vessel disease had a 5 year survival 
rate of 84.2 percent, a figure that compares favorably 
with the survival rate in the group of Conley et al.’ Both 
the Veterans Administration cooperative study? and the 
Montreal Heart Institute study!’ report an increase in 
longevity for patients with left main plus right coronary 
artery disease treated surgically but no increase in 
survival for patients with left main coronary arterial 
stenosis without significant right coronary artery dis- 
ease. Unfortunately, neither study had sufficient 
numbers of patients or length of follow-up to draw 
conclusions from that data. Between 1970 and 1974, the 
Veterans Administration compiled data on only five 
medically treated patients with left main coronary ar- 
tery disease without right coronary artery disease and 
none died during a mean follow-up period of 30 months 
as opposed to four deaths in 15 comparable surgically 
treated patients. The survival curves from the Montreal 
study!’ showed better survival for patients without right 
coronary artery disease treated surgically but contained 
insufficient case numbers to draw statistical conclu- 
sions. The 5 year actuarial survival rate of our patients 
with stenosis of the left main and right coronary arteries 
was 86.8 percent compared with 92.2 percent for those 
whose stenoses were confined to the left main coronary 
artery and its branches. However, this difference is not 
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significant. Within our group of surgically treated pa- 
tients, the extent of preoperative disease had no sig- 
nificant effect on 5 year survival. 

Role of abnormal ventricular function: When our 
surgically treated patients are separated into groups 
. with preoperative normal or nearly normal versus ab- 
normal left ventricular contraction, estimated subjec- 
tively*with angiography, 90.3 percent of patients with 
essentially normal contraction preoperatively survived 
5 years compared with 83.4 percent of those with con- 
traction abnormalities (difference not significant). Of 
patients treated nonsurgically, abnormal left ventricular 
function appears to have a major adverse effect on 
survival. The data of Lim et al.? showed that 21 of 46 
patients with a normal left ventriculogram survived 5 
years, but only 5 of 20 with diffuse impairment were 
alive after the same length of time. Conley et al.’ re- 
ported a 61 percent 1 year survival rate for patients with 
any degree of left ventricular asynergy compared with 
a 95 percent | year survival rate for those with a normal 
ventriculogram and a 50 percent 1 year survival rate for 
patients with a left ventricular end-diastolic pressure 
greater than 15 mm Hg versus 81 percent for those 
whose pressure was less than 15. The Montreal group!” 
reported a 50 percent survival rate for nonsurgically 
treated patients with a left ventricular end-diastolic 
pressure of less than 20 mm Hg but only a 30 percent life 
table survival rate at 5 years if the pressure was greater 
than 20. As with our group, the survival of their surgi- 
cally treated patients was not significantly affected by 
preoperative ventricular function. 
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Role of completeness of revascularization: Ap- 
proximately one half the patients in our surgical series 
had complete revascularization, and 89.3 percent lived 
5 years in contrast to 87.1 percent of those with incom- 
plete revascularization. Although this comparison did 
not quite reach statistical significance, revascularization 
tends to be more complete today and may have a fa- 
vorable influence on later longevity. 

Comparative surgical results: Other surgical ex- 
periences also constitute a strong case for elective re- 
vascularization of patients with left main coronary ar- 
tery disease. Zeft et al.!8 found a 96 percent 2 year sur- 
vival rate and Cohen and Gorlin* reported a 90 percent 
surgical survival rate at 42 months. Investigators from 
the University of Alabama!? reviewed 149 patients with 
revastularization and 24 potential surgical candidates 
who were treated medically and found respective sur- 
vival rates at 24 months of 86 and 65 percent.!? Recently 
Alford et al.2° reviewed the cases of 86 consecutive pa- 
tients treated surgically from 1970 to 1973; excluding 
the operative mortality rate of 8 percent, late survival 
corresponded closely to life expectancy of the normal 
population for age and sex. Examination of the rate of 
attrition of our own surgical survivors shows that the 
patients with quadruple vessel disease had a slightly 
higher late mortality rate (14.4 percent) than did the 
rest of the group (7.3 percent). The largest previously 
reported surgical series, 267 patients, was reviewed by 
Farinha et al.,2! who reported an 86 percent survival rate 
at 4 3/4 years with 75 percent of the survivors angina- 
free; these figures are very similar to ours. 
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Coronary angiography was performed before and after coronary revas- 
cularization in 67 patients. The interval between studies ranged from 1 
to 38 months (average 9.9). The patients were separated into four clinical 
groups on the basis of their symptoms at the time of restudy: Group I, 13 
asymptomatic patients; Group Il, 19 patients with nonanginal chest pain 
(18 cases) or dyspnea (1 case); Group Ill, 12 patients whose angina was 
relieved but not eliminated; and Group IV, 23 patients whose angina was 
not alleviated. 

The graft patency rate was 72 percent in Group I, 78 percent in Group 
Il, 61 percent in Group Ill and 34 percent in Group IV. The sum of diseased, 
but not bypassed and unsuccessfully bypassed arteries per patient was 
1.6 in Groups | and Il, 2.9 in Group IIl and 4.0 in Group IV. The incidence 
of perioperative myocardial infarction, defined using enzymatic and 
electrocardiographic criteria, was 8 percent for Group I, 26 percent for 
Group Il, 25 percent for Group Ill and 52 percent for Group IV. Anginal relief 
after coronary bypass surgery is achieved by successful and complete 
revascularization rather than by perioperative myocardial infarction. 


Despite the frequency of coronary bypass surgery many questions remain 
concerning the indications for and the results of this procedure. Con- 
siderable concern has centered on the changes in myocardial function 
and coronary circulation that occur with coronary bypass surgery.!-? Of 
particular interest is a study by Achuff et al.? that concluded that an 
appreciable proportion of patients undergoing coronary bypass surgery 
were achieving relief of angina at the expense of infarction of an “angina 
producing myocardial segment." The current study was designed to 
review the experience at our institution to define the mechanism of relief 
of angina after coronary bypass surgery. 


Methods 


Patients: Three hundred seventeen patients previously studied at this in- 
stitution had postoperative angiography performed between January 1974 and 
Decejjber 1976. Eighty sets of preoperative and postoperative angiographic films 
were randomly selected and reviewed. Sixty-seven sets of technically acceptable 
films (67 patients) constitute the basis of this study. Thirteen pairs of films were 
rejected because the preoperative study, in each case performed before 1972, 
was judged technically suboptimal. The interval between angiograms ranged 
from 1 to 38 months (average 9.9). Not all patients at New York University 
Medical Center are routinely restudied, but those who have recurrent or per- 
sistent angina, constituting approximately 10 percent of our surgical experience, 
are advised to undergo repeat angiography. For this reason, the 67 cases being 
reviewed contain a larger proportion of patients with postoperative angina than 
is found in the surgical group at this institution. During the period of study ap- 
proximately 250 patients underwent coronary revascularization each year. 

Coronary angiography: All angiograms were performed with the Judkins 
technique, !? using a 6 inch (15.24 cm) image intensifier and recording on 35 mm 


202 August 1979 The American Journal of CARDIOLOGY Volume 44 


film at 50 frames/sec. Attempts were made to catheterize se- 
lectively each native vessel and all grafts at the postoperative 
study. Grafts that could not be visualized were considered 
occluded. The severity and site of each lesion were located on 
a composite line drawing of each vessel. These results were 
- compared with a similar drawing of each postoperative study. 
The interpretation of each angiogram was subsequently 
compgred with the official laboratory records. Discrepancies 
were resolved by the senior investigator. 

Bypassed vessels were considered totally occluded only if 
the following three conditions were present: (1) There was 
total interruption of the anterograde flow of contrast material; 
(2) to and fro motion of the contrast material in the coronary 
artery, indicating bidirectional flow, was absent; and (3) 
patency of the vessel could not be established by overlapping 
the separate line drawings of the native coronary artery and 
its graft. Griffith et al.? have indicated that the decreased 
proximal flow across a diseased vessel after bypass grafting 
can be misinterpreted as an indication of new total occlusion. 
This possibility was minimized by using the second and third 
criteria listed. T'wenty-three vessels that could otherwise have 
been considered totally occluded were identified as patent by 
the recognition of the to and fro pattern of contrast material. 
Similarly, six vessels were found to be patent after comparison 
of native and graft angiograms (Fig. 1). 

Identification of “ischemic” myocardial segments: A 
coronary artery was considered to have significant obstruction 
when the luminal diameter was narrowed by at least 75 per- 
cent. The myocardium supplied by such an artery was termed 
an "ischemic segment." After operation, if a nonobstructed 
graft was anastomosed distal to the arterial obstruction, the 
myocardial segment was no longer considered ischemic. 
However, if the graft itself was significantly narrowed (75 
percent or more) or anastomosed proximal to the arterial le- 
sion, the myocardium supplied by the graft continued to be 
classified as an “ischemic segment." 

For example, Figure 2 indicates the preoperative angio- 
graphic findings and several postoperative possibilities. 
Preoperatively, severe lesions in the left anterior descending 
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FIGURE 1. Diagrams showing actual anatomy (A), results of native 
coronary angiogram (B), results of graft angiogram (C), and composite 
angiogram (D). By overlapping the results of B and C the actual anatomy 
is revealed and the patency of the native coronary artery established. 
Arrows indicate the site of injection. 
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and first diagonal coronary arteries resulted, in this instance, 
in three ischemic segments, because the flow to the left ante- 
rior descending coronary artery and both diagonal arteries was 
Jeopardized. After successful bypass of the left anterior de- 
scending artery, as depicted in the second drawing of Figure 
2, only the myocardium supplied by the first diagonal artery 
could be considered an ischemic segment. Severe narrowing 
of the graft, as indicated in the third drawing, would result in 
persistence of the original three ischemic segments. Finally, 
patency of the graft with a new distal lesion in the left anterior 
descending artery would leave two ischemic segments, those 
in the distribution of the distal left anterior descending artery 
and the first diagonal artery. 

In determining the number of ischemic segments, the 
distribution of left ventricular branches beyond an occlusion 
in the parent vessel was used. The left main, left circumflex 
and right coronary arteries were considered conduits rather 
than left ventricular branches. The status of the trunk vessel 
was recorded to allow for postoperative comparison but was 
not itself coded as producing an ischemic segment. For ex- 
ample, in the two patients who had severe disease of the left 
main coronary artery each major terminal vessel was coded 
as resulting in an ischemic segment if it was not in continuity 
with a nonobstructed graft. An ungrafted branch vessel arising 
between two severe lesions in the parent vessel was coded as 
supplying an ischemic segment, even if the distal parent vessel 
was successfully grafted. 

Perioperative infarction: Myocardial infarction was 
diagnosed when typical electrocardiographic changes of 
transmural infarction were identified or when the postoper- 
ative serum creatine kinase levels exceeded 2,000 IU/ml or the 
serum glutamic oxaloacetic acid level exceeded 200 IU/ml. 
These values were previously found to correlate with elec- 
trocardiographic evidence of infarction.!! 

Postoperative angina: All 67 patients preoperatively had 
angina which was at least of class II severity by the New York 
Heart Association criteria.!? Clinical status was reassessed at 
the time of postoperative angiography. The change in func- 
tional class after operation is shown in Figure 3. Four groups 
were established: Group I, 13 patients who were asymptomatic 
after operation; Group II, 18 patients who had chest pain that 
was not typically anginal and 1 patient with exertional dysp- 
nea; Group III, 12 patients who had persistent angina but 
improvement by at least two functional classes; and Group IV, 
23 patients whose angina was not alleviated. Statistical 
analysis was performed using the chi square technique. 


NUMBER OF ISCHEMIC SEGMENTS 
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FIGURE 2. Left, preoperative results of an angiogram of the left anterior 
descending (LAD) coronary artery. Right, three postoperative possi- 
bilities. The white triangular defects in the arteries indicate severe 
lesions. The number below each drawing indicates the number of 


ischemic segments present. D1 — first diagonal artery; D2 — second 
diagonal artery. 


August 1979 The American Journal of CARDIOLOGY Volume 44 203 


MECHANISM OF SURGICAL RELIEF OF ANGINA—WINER ET AL. 





Preoperative Postoperative 
I I 

Pe tl 7 

I t ^ I 

3 

II 4 II 
6 

x MÀ 


FIGURE 3. Change in New York Heart Association functional class after 
bypass grafting. The numbers indicate the number of patients in each 
functional class. 


Results 


Graft patency: One hundred eighty-two grafts were 
studied. There were 152 saphenous vein and 30 internal 
mammary grafts (2.7 grafts/patient; range 1 to 6). One 
saphenous vein graft was inadvertently anastamosed 
to a coronary vein and was excluded from analysis. The 
overall graft patency rate was 71 percent. A severely 
narrowed (by more than 75 percent) but patent graft 
was considered unsuccessful because it did not correct 
an ischemic segment. This resulted in a “successful” 
patency rate of 58 percent (Table I). 


Postoperative Angiographic Results in Grafted 
Arteries with Preoperative Subtotal Obstruction 
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TABLE | 
Graft Patency Results 
Number Percent 
Patent grafts 128 71 
Good result 106 59 
Bad result* 22 12 
Occluded grafts 53 29 ^ 
Total 181 100 


* A patent graft with greater than 75 percent narrowing of the luminal 
diameter was classified as a “bad result." 


Progression of disease in native coronary vessels: 
Six hundred seventy-five native vessels were reviewed. 
The vessels potentially codable for each patient in- 
cluded the three chief coronary arteries and their major 
branches. In three instances an unusually large first 
septal perforator was included in the coding if it was 
severely diseased. Diminutive vessels were excluded. 

An arterial lesion was considered to have progressed 
if there was a more severe narrowing, equivalent to 25 
percent or more of the normal lumen, or if a vessel be- 
came totally obstructed. As noted in previous studies,?-9 
progression of disease in the native circulation was more 
frequent in grafted vessels. Progression of disease oc- 
curred in 40 of 181 grafted arteries (22 percent) and in 
44 of 494 nongrafted arteries (9 percent). Twenty of 29 
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FIGURE 4. Postoperative angiographic findings 
in 116 grafted arteries with preoperative subtotal 
occlusion. The number of instances in which these 
patterns occurred is listed under each diagram. 
Column | represents arteries with no change in 
proximal, preexistent obstruction; column Il de- 
picts development of total occlusion localized to 
the site of preoperative narrowing, and column Ill 
demonstrates progression to total occlusion with 
extension into a previously patent area. 
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grafted arteries advanced from severe narrowing (75 to 
99 percent) to total occlusion. One hundred forty-one 
of 181 grafts were not associated with any change in the 
native vessel. Seven grafted vessels were normal before 
bypass and totally occluded after bypass. Six of these 
~ arteries were bypassed because of severe disease in a 
trunk vessel. The seventh was a totally normal vessel 
that Was inadvertently grafted. 

Results of grafting subtotally occluded vessels: 
A more detailed analysis of the surgical results is pro- 
vided in Figure 4, which illustrates the angiographic 
findings after grafting of 116 subtotally occluded vessels. 
This number includes branch vessels that were normal 
but jeopardized by a severe lesion in a parent artery. 
Column I in this figure depicts those vessels in which 
operation produced no change at the site of the initial 
obstruction. In column II the number of vessels in which 
the native lesion progressed to total occlusion is shown. 
In these vessels the obstruction remained localized to 
the initially diseased area. This could be established by 
identification of retrograde flow to the site of initial 
obstruction after graft opacification. Column III dem- 
. onstrates progression to total occlusion, with extension 
beyond the site of the initially diseased area, presum- 
ably due to propagation of clot. Vessels were assigned 
to column Il or III after comparison of the line drawings 
made from the pre- and postoperative angiograms. 
Close attention to the location of minor branches was 
most useful in making this assignment. 


Postoperative Angiographic Results in Grafted 
Arteries with Preoperative Total Obstruction 
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FIGURE 5. Results in arteries that were totally occluded before bypass 
grafting. Format as in Figure 4. 
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Row A in Figure 4 includes grafts that were free of 
obstruction. Row B shows grafts with severe subtotal 
occlusion at either the proximal or distal anastamosis 
or in the body of the graft. Row C lists grafts that were 
totally occluded. Rows D and E illustrate the respective 
frequency of new, severe, partial and total occlusions of 
the distal portion of the native vessel. 

Results of grafting totally occluded vessels: Fig- 
ure 5 is similar in format to Figure 4, but column I is 
omitted because all 62 native vessels in this group ini- 
tially had total proximal occlusion. In an additional 
three arteries a graft was placed between two severe 
lesions. These three arteries are not portrayed in Figures 
4 and 5. The surgical result in each of these three cases 
was poor because the postoperative angiogram revealed 
that the distal lesions had progressed to total occlusion. 
In two instance the total occlusion was localized to the 
site of the initial lesion, but there was extension of the 
occlusion in the third case. 

Disappearance of all or part of a previously visualized 
native vessel after bypass occurred in four instances (4 
of 181, 2.2 percent). The anatomy resulting from this 
disappearance is portrayed in Figure 4, IIIA (two in- 
stances) and in Figure 5, IITE (1 instance). The fourth 
example of this occurrence was the loss of the distal 
segment of an artery in which the graft was inserted 
between two severe lesions. One entire vessel was visu- 
alized in the preoperative angiogram but could not be 
opacified at the postoperative study and was assumed 
to be occluded throughout its length. In 21 instances 
there appeared to be reduced perfusion of an artery 
after operation. Seventeen of these were in patients with 
postoperative angina (groups II? and IV) and four were 
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FIGURE 6. The number of patent grafts plotted against the total number 
of grafts for each patient in the study. 
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TABLE Il 
Summary of Data in Four Clinical Groups 
Average 
Follow- 
Aver- Up 
age Period 
Cases Age (range) 
Group (no.) (yr) (mo.) Total 
I 13 51.7 9.6 37 
(6-16) 
I 19 47.5 10.7 49 
(1-38) 
I! 12 56.5 11.5 31 
(1-26) 
Iv 23 55.7 8.7 64 
(1-32) 


Sev 
Grafts Occl Ischemic 
Sev Vessels Segments 
Occl oti MM cx Not per 
(no.) no. 96 f Grafted Patient! 
10 27 72 11 1.6 
11 38 78 20 1.6 
12 19 61 23 . 2.9 
42 22 34 51 4.0 


* |n this table, only grafts that were normal or less than 75 percent narrowed were considered patent. 


t Graft patency rate in Groups |, Il, and Ill versus IV, P «0.001. 


t Ischemic segments per patient in Groups |, II, and Ill versus IV, P «0.001. 


Sev occl = severely occluded. 


identified in patients without postoperative angina 
(groups I and II). 

Graft patency correlated with functional result: 
Graft patency is analyzed by clinical group in Figure 6. 
The results in Groups I, II and III (no postoperative 
angina or alleviated angina) are compared with those 
in Group IV. Data for patients with all grafts patent fall 
along a line with a slope of 1, whereas data from those 
with a lower rate of patency fall below this line. Graft 
patency was higher in Groups I to III than in Group IV, 
with all but one of the patients with all grafts occluded 
classified into Group IV. There were three patients with 
unalleviated angina who had all grafts patent. There 
were also patients who had a good clinical result with 
less satisfactory angiographic results in terms of graft 
patency. Each patient in Groups I and II had at least one 
patent graft. The one patient in the group with im- 
provement who had no patent graft was in Group III 
with ameliorated but continued angina. To account for 
the discrepancy between the clinical and anatomic re- 
sults in some patients we evaluated the frequency of 
nonbypassed but severely diseased vessels (Table II). 
There were fewer nonbypassed, ischemic segments in 
Groups I to III than in Group IV (P <0.001). The aver- 
age period of follow-up was comparable in each 
group. 


TABLE Ill 


Frequency of Perioperative Myocardial Infarction in Four 
Clinical Groups 


Cases Myocardial Infarction 
Group (no.) no. % 
| 13 1 8 
i 19 5 26 
Iil 12 3 25 
IV 23 12 52 


Perioperative myocardial infarction (Table III): 
'This was uncommon in asymptomatic patients (Group 
I), but over half of the patients whose angina was not 
alleviated after bypass grafting (Group IV) had a 
myocardial infarction (P «0.001). Groups II and III had 
comparable rates of infarction. When the patients with 
improvement (Groups I to III) were combined and 
compared with Group IV the incidence of infarction in 
the latter group was significantly greater (P «0.01). 


Discussion 


Mechanism of postoperative relief of angina: 
There are several possible mechanisms by which angina 
might be relieved after coronary bypass surgery. The 
most direct explanation is that angina is relieved by 
successful coronary revascularization and elimination 
of myocardial ischemia. Infarction of an angina-pro- 
ducing myocardial segment is an alternative possibility. 
Section of afferent cardiac nerves during operation 
might also explain symptomatic improvement, re- 
gardless of the anatomic success of the procedure. Fi- 
nally, the role of placebo effects must also be consid- 
ered. 

Several studies have correlated amelioration of an- 
gina and improved exercise tolerance with the adequacy 
of coronary revascularization.':1?-!^ Although placebo 
effects and interference with afferent cardiac nerves 
might be invoked to explain anginal relief, these factors 
should apply to all groups, regardless of graft patency. 
The greater incidence of relief in patients with patent 
grafts discounts these mechanisms as likely causes for 
relief of angina in most patients. 

Achuff et al.,? reporting on the first 153 patients 
undergoing saphenous vein bypass grafting at the Johns 
Hopkins Hospital, cited myocardial infarction as the 
sole or contributing cause of relief of angina in slightly 
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FIGURE 7. In nine left anterior descending arteries in 
which a graft was placed distal to two areas of narrowing 
progression occurred only at the distal lesion. 2+ indi- 
cates moderate (26 to 74 percent) narrowing and 3+ 
indicates severe (75 to 99 percent) narrowing. 


more than 50 percent of their patients. This conclusion 
was derived from the correlation of angiographic results, 
objective studies of cardiac performance and electro- 
cardiographic evidence of infarction. The electrocar- 
diographic criteria of infarction included S-T and T 
wave changes. There was a 30 percent incidence rate of 
new postoperative nonvisualization of a previously 
identified grafted coronary segment and a 62 percent 
frequency rate of native vessel occlusion in arteries with 
occluded grafts. These figures compare with a 2.2 per- 
cent incidence rate of nonvisualization of an entire ar- 
tery and a 29 percent frequency rate (9 of 31) of new 
total occlusions in vessels with occluded grafts in our 
study. The frequency rate of new total occlusions in our 
study is more in keeping with that of others?" in which 
occlusion of a graft left 70 to 80 percent of the native 
vessels unchanged. 

Role of myocardial infarction in relief of angina: 
Although differences in surgical technique, study design 
and definitions made direct comparisons difficult, the 
results of Achuff et al. contrast with those of our study 
in several other important respects. In our study, 
symptomatic improvement was correlated with a 
greater incidence of graft patency and a:smaller number 
of segments with residual ischemia per patient. Achuff 
et al.? found that poor surgical results generally occurred 
in patients whose angina had been alleviated, whereas 
we found that poor surgical results generally occurred 
in patients without clinical improvement. Additionally, 
the lower rate of perioperative myocardial infarction in 
our patients who were free of angina after operation 
suggests that infarction was not the mechanism of relief 
of angina. This conclusion was suggested by the finding 
of Schrank et al.!6 that postoperative myocardial in- 
farction was associated with a greater frequency of an- 
gina in a small number of patients. Fifty-four percent 
of patients who had a myocardial infarction had angina 
as opposed to 24 percent with angina in the group that 
had not had a myocardial infarction (P = 0.11). The 
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Postoperative Angiographic Results in Arteries 
with a Graft Placed Distal to Two Obstructions 


Postoperative Postoperative 


M ~ — M 
y VW 


frequency with which myocardial infarction relieves 
angina was studied by Palmer!’ in 1937. Two hundred 
twelve patients were followed up for at least 3 months 
after infarction. Thirty-nine percent had angina before 
and 58 percent had angina after infarction. Only about 
one fourth of the patients with angina before infarction 
were pain-free afterwards. The Framingham study!? 
found that anginal relief after myocardial infarction 
occurred less frequently (15 percent) than spontaneous 
disappearance of angina (30 percent). In a more recent 
study!? the reported incidence rate of relief of chronic 
angina after myocardial infarction was 4 percent. None 
of these studies supports the hypothesis that angina is 
frequently relieved by myocardial infarction. 
Progression of native coronary disease: Although 
arteriosclerosis occasionally occurs, the large majority 
of nonbypassed arteries have anatomically stable dis- 
ease when studied at intervals of 6 months to several 
years.? Progression of disease in the native circulation 
after bypass surgery may be due to the normal course 
of coronary arteriosclerosis, inadvertent surgical trauma 
or changes in the pattern of coronary circulation and 
hemodynamics. The latter mechanism has been previ- 
ously implicated.?^4 Support for this theory in our study 
derives from the higher rate of progression of disease in 
bypassed coronary arteries and from the changes oc- 
curring in the 12 bypassed left anterior descending ar- 
teries that had serial lesions (Fig. 7). Despite closure of 
the distal lesion in half of these vessels, the proximal 
lesions were unchanged. It is postulated that successful 
bypass reduced the flow and pressure gradient across 
the distal lesion, fostering occlusion at this site. The 
gradient and flow across the proximal lesion were less 
affected by successful bypass grafting and, in the 
presence of adequate runoff between the lesions, the 
proximal lesion did not worsen. Unusually frequent 
occlusion of grafted arteries may be due to closure of the 
arterial lumen at the site of the distal anastomosis. An 
alternative explanation would be the selection of vessels 
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with poor distal runoff for grafting. Pathologic evalua- 
tion”? has demonstrated that occlusion of the graft may 
be due to thrombosis, intimal proliferation or athero- 
sclerosis. Thrombosis appears to be the mechanism 
responsible for early occlusion, whereas intimal prolif- 
eration and atherosclerosis are responsible for mid and 
late graft closure. 

Implications: Several additional conclusions may 
also be drawn from the data presented here. Postoper- 
ative angiograms may be difficult to interpret because 
of the artifacts introduced by coronary bypass surgery. 
Assessment of coronary patency should include not only 
obvious anatomic continuity, but also the presence of 
to and fro motion of the contrast column resulting from 


bidirectional flow. The possibility of identifying patency 
by overlapping drawings of the native coronary and 
graft angiograms is also demonstrated in our report. 
Finally, the total number of ischemic segments as well 
as the graft patency rate should be considered in as- 
sessing the adequacy of surgical results. If large areas 
of myocardium are not revascularized a good symp- 
tomatic response to surgery is unlikely.?! 

Our study shows that relief of angina after bypass 
grafting is generally not due to infarction of an an- 
gina-producing myocardial segment but is more readily 
explained by surgical relief of ischemia. Conversely, 
persistence of angina implies inadequate or unsuccessful 
myocardial revascularization. 
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The Carpentier-Edwards bioprosthesis is a glutaraldehyde-fixed porcine 
xenograft with a fully flexible thin-walled stent. Cardiac catheterization 
studies were performed in 17 patients to evaluate use of this valve in the 
aortic position. Hemodynamic studies established a mean peak gradient 
across the prosthesis of 19 mm Hg (range 5 to 65). The mean effective 
orifice area was Calculated to be 1.6 cm? (range 0.8 to 3.3). All patients 
demonstrated an improvement in functional class after operation. Mean 
left ventricular ejection fraction increased from 51 + 16 to 68 + 9 percent 
(P <0.004) in eight patients operated on for aortic stenosis, but was not 
significantly changed in patients operated on for aortic insufficiency. 
Hemodynamic comparison of the Carpentier-Edwards bioprosthesis with 
the standard Hancock xenograft showed similar effective orifice areas 
for the 23 and 25 mm diameter valves. In two patients studied the 21 mm 
Carpentier valve demonstrated a greater effective orifice area than that 
previously reported for the standard Hancock xenograft. The Carpen- 
tier-Edwards bioprosthesis affords both clinical and hehiodynamic im- 
provement when used in the aortic position and may allow improved ef- 
fective orifice area when used in the smaller aortic root. 


The glutaraldehyde-preserved porcine heart valve prosthesis has enjoyed 
increasing popularity in recent years. This valve has been shown to have 
a small incidence of thromboembolism without anticoagulation and to 
be relatively durable.!-? However, its hemodynamic performance in the 
aortic position has not been entirely satisfactory. Significant transvalve 
gradients have been demonstrated, particularly with the smaller stent 
diameter.?-9 Since 1975 a glutaraldehyde-fixed porcine valve mounted 
on a fully flexible stent (Edwards laboratory) has been available. The 
porcine leaflets of this valve are mounted on a metal alloy frame (Elgi- 
loy9) whose design specifically allows flexiblity at the valve orifice as well 
as at the commissures. The completed stent is thin-walled, permitting 
a favorable anulus to internal diameter ratio. In his comments on work 
by Cohn et al., Carpentier postulated that the reduced stent wall 
thickness of this valve combined with its enhanced flexibility may de- 
crease in vivo transvalve gradients and allow improved hemodynamic 
function. This study was performed to assess the hemodynamic char- 
acteristics of the Carpentier-Edwards (model 2625) bioprosthesis in the 
aortic position. 


Methods 


Patients: Forty-three patients underwent aortic valve replacement with the 
Carpentier-Edwards bioprosthesis from April 1976 to July 1978 at either 
Parkland Memorial Hospital or the Veterans Administration Hospital in Dallas, 
Texas. Twenty-eight of these patients were contacted and 17 gave informed 
consent for follow-up cardiac catheterization. These 17 patients constitute the 
present study population. The patients' ages at the time of valve replacement 
ranged from 25 to 66 years (mean 53). The interval from surgery to follow-up 
catheterization ranged from 3 to 27 months (mean 13). 
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Nine patients underwent valve replacement for calcific 
aortic stenosis. Six of them were asymptomatic and in New 
York Heart Association functional class I’ at the time of repeat 
cardiac catheterization. The other three patients were in 
functional class II. Of the remaining eight patients, three had 
acute aortic insufficiency resulting from acute endocarditis 
in two and aortic dissection in one. These patients were all in 
functional class I at the time of restudy. Five patients had 
chronic aortic insufficiency. Four of these had rheumatic heart 
disease: two with mild aortic stenosis, moderate aortic insuf- 
ficiency and mitral stenosis and two with predominant aortic 
insufficiency and mitral stenosis. The remaining patient had 
chronic isolated aortic insufficiency. Of these five patients, 
three were in functional class I and two in functional class II 
at the time of repeat cardiac catheterization. 

Hemodynamic evaluation: All patients were evaluated 
with left and right heart catheterization performed with a 
standard technique, using transseptal catheterization of the 
left ventricle in 12 and retrograde catheterization of the 
bioprosthesis in 5 patients. No complications were noted. 
Pressure measurements were made with either P-50 Statham 
or Bentley Transtec (model 800) transducers. Prosthetic valve 
gradients were measured by simultaneously recording left 
ventricular and central aortic pressures. Mean gradients were 
calculated by hand planimetry of five systolic cycles, with 
correction of left ventricular and aortic pressure tracings for 
delay in catheter transmission, as required. Cardiac output 
was measured with the Fick technique. Aortic valve areas were 
calculated using the formula of Gorlin and Gorlin.? Left 
ventricular angiography was performed in the right anterior 
oblique projection. Left ventricular volume and mass were 
calculated using a modification of the Dodge formula.? 

The presence of prosthetic valve regurgitation was evalu- 
ated in all patients using supravalve angiography in the left 
anterior oblique projection. Three patients exercised with 
supine bicycle ergometry at follow-up catheterization. Exer- 
cise was continued until moderate leg fatigue was noted. 
Catheterization of the left ventricle in these cases was retro- 
grade by way of the brachial artery. The pressure gradient 


TABLE | 


across the prosthetic valve and cardiac output determined 
with the Fick technique were measured both at rest and dur- 
ing the last minute of exercise. In five patients the peak 
prosthetic valve gradient at operation was obtained during 
valve replacement by passing a left atrial line into the left 
ventricle for simultaneous measurement of brachial arterial 
and left ventricular pressures. 

Data analysis: A variety of hemodynamic indexef were 
analyzed in the patient groups with aortic stenosis and aortic 
insufficiency. Data were expressed as mean value plus or 
minus the standard deviation. Paired Student's t testing was 
used in all cases for statistical comparison of data in these 
patient groups before and after aortic valve replacement. 


Results 


Table I presents the measured gradients and calcu- 
lated valve areas and indexes for the 17 patierits studied. 
The data included the size of the prosthesis, the oper- 
ative diagnosis, additional surgical procedures, number 
of postoperative months at the time of catheterization 
and the New York Heart Association functional class 
before and after valve replacement. 

Patients with aortic stenosis: Comparative data are 
available for the nine patients with aortic stenosis. 
Figure 1 shows the calculated valve area and mean 
pressure gradient for this group and Figure 2 the left 
ventricular ejection fraction and mass before and after 
aortic valve replacement for all but one patient who did 
not undergo left ventriculography before operation. The 
mean valve area increased from 0.75 + 0.16 to 1.5 + 0.73 
cm? (P «0.013) for this group; the mean average 
gradient decreased from 49 + 16 to 23 + 17 mm Hg (P 
«0.001), the mean left ventricular ejection fraction rose 
from 51 + 16 to 68 + 9.2 percent (P <0.004) and the 
mean left ventricular mass decreased from 302 + 78 to 
237 + 51 g (P «0.01). In addition, the mean left ven- 
tricular end-diastolic pressure decreased from 19 + 10 


Summary of Patient Data, Calculated Valve Gradients and Valve Areas 
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Prosthetic 
Valve Aortic 
Case Age (yr) Size* Valve Other 
no. & Sex (mm) Disease Procedures 
1 50F 21 Acute Al aa 
> 66F 21 AS CABG 
3 64M 23 AS ve 
4 45M 23 Al MVR 
5 66M 23 AS ees 
6 60M 23 AS,AI MC 
7 5S7F 23 Acute Al CABG 
8 42M 23 AS,Al MC 
9 52M 25 AS en 
10 50M 25 AS CABG 
11 59M 25 Al CABG 
12 65F 25 AS o3 
13 25M 25 AS 
14 61M 25 AS TT 
15 46M 27 Al MVR 
16 50M 27 Acute Al Fix 
17 43M 27 AS 


* External stent diameter as designated by the manufacturer. 


Gradient Postop NYHA 
(mm Hg) Interval Class, 
(peak/mean) VA/VI (mo) (pre/post) 
20/26 1.4/0.9 14 IV/I 
10/10 1.3/0.8 3 Hl 
65/59 0.8/0.4 20 IV/II 
24/24 1.5/0.8 25 Hl 
18/25 1.2/0.7 27 Il 
15/17 1.0/0.5 22 Itl 
16/30 1.0/0.6 16 IV/I 
30/26 1.2/0.7 6 LM 
10/14 1.5/0.7 13 Il 
12/17 1.9/1.0 6 IV/II 

7/12 1.7/0.9 6 IV/II 
5/11 1.5/0.9 8 IV/I 
53/43 1.1/0.5 14 Hr 
15/18 1.4/0.7 11 W/E 
5/8 3.1/1.4 13 HZ 
8/15 1.6/0.8 9 IV/I 
5/10 3.3/1.7 T IV/I 


t Interval from aortic valve replacement to time of follow-up cardiac catheterization. i 
Al = aortic insufficiency; AS = aortic stenosis; CABG = coronary arterial bypass grafting; MC = mitral commissurotomy; MVR = mitral valve 
replacement; NYHA = New York Heart Association functional class; post, postop = postoperative; pre= preoperative; VA/VI = prosthetic aortic 


valve area (cm?)/prosthetic aortic valve index (cm?/m?). 
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FIGURE 1. Mean pressure gradients and calculated valve areas before 
(preOP) and after (postOP) aortic valve replacement in nine patients 
with aortic stenosis. Each line represents data obtained from one pa- 
tient. p = probability. 


to 12 + 6 mm Hg (P <0.11), the mean left ventricular 
end-systolic volume index from 43 + 28 to 20 + 8 cc/m? 
(P <0.02) and the mean end-diastolic volume index 
from 82 + 27 to 64 + 13 cc/m? (P «0.07). 

Patients with aortic regurgitation: The eight re- 
maining patients were classified in the group with aortic 
insufficiency, although two of these patients had mild 
aortic stenosis with moderate aortic insufficiency. 
Preoperative and postoperative left ventricular ejection 
fractions and mass for seven patients are compared in 
Figure 3. In the eighth patient, who had aortic dissec- 
tion, the left ventricle could not be entered during the 
preoperative catheterization and comparative data are 
not available. Data for the first seven patients show a 
significant increase in mean left ventricular ejection 
fraction from 60 + 10 to 68 + 10 (P «0.10) after valve 
replacement. The mean left ventricular mass decreased 
from 299 + 124 to 238 + 115 g (P <0.005), the mean left 
ventricular end-diastolic pressure, from 21 + 15 mm Hg 
to 10 + 4 mm Hg (P «0.10), the mean left ventricular 
end-systolic volume index from 57 + 36 to 37 + 42 (P 


TABLE Il 
Summary of Rest and Exercise Data in Three Patients 
Mean Prosthetic 
Cardiac Prosthetic Aortic 
Output Valve Valve 
Case (liters/min) Gradient Area (cm?) 
no. Rest Ex Rest Ex Rest Ex 
MEME ILU so ELE dditisedestau i5 ica ries iere inii 
6 3.8 5.5 17 38 1.0 0.9 
8 5.4 10.8 26 46 1.2 1.5 
12 5.4 7.2 11 15 15 1.5 


Ex — exercise. 
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FIGURE 2. Left ventricular (LV) ejection fraction and mass before and 
after aortic valve replacement in eight of the nine patients with aortic 
stenosis. Each line represents data obtained from one patient. Abbre- 
viations as in Figure 1. 


<().09) and the mean left ventricular end-diastolic vol- 
ume index from 123 + 68 to 99 + 74 (P «0.19). 
Effect of exercise: Three patients exercised at the 
time of cardiac catheterization with supine bicycle er- 
gometry. Values for valve gradient, cardiac output and 
valve area before and after exercise are listed in Table 
II. In five patients the prosthetic valve gradient was 
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FIGURE 3. Left ventricular (LV) ejection fraction and mass before and 
after aortic valve replacement in seven of the eight patients with aortic 
insufficiency (Al). Each line represents the data obtained from one 
patient. Abbreviations as in Figure 1. 
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measured at operation. Table III compares the intra- 
operative gradient in these patients with the peak gra- 
dient found at catheterization. 

Prosthetic valve regurgitation: Supravalve angi- 
ography was performed in all 17 patients to evaluate 
prosthetic valve regurgitation. No patient had a mur- 
mur of aortic insufficiency, or evidence of prosthetic 
valve regurgitation postoperatively. 


Discussion 


Our study establishes that the Carpentier-Edwards 
aortic bioprosthesis generally affords substantial clinical 
and hemodynamic improvement in patients operated 
on for aortic valve disease. The changes noted in func- 
tional class and in indexes of left ventricular function 
are similar to those reported by Lee et al.!? after cardiac 
catheterization studies performed in 15 patients, an 
average of 1.7 months after placement of a Carpen- 
tier-Edwards bioprosthesis. Comparable improvement 
has been previously reported for aortic valve replace- 
ment with the standard Hancock xenograft as well as 
with a variety of other aortic prostheses.®:!!+!2 

Postoperative transvalve gradients: In spite of 
such generalized benefit, hemodynamically important 
transvalve gradients may remain after operation. Al- 
though calculated valve area tends to increase as anulus 
diameter increases, there is considerable variability in 
gradients and effective orifice areas with each valve size 
used (Table IV). The two patients with a 21 mm pros- 
thesis had a larger effective orifice area than five of the 
six patients with the 23 mm valve. However, these data 
are somewhat biased because the patient with the 
smallest valve area (0.8 cm?) was in the group with a 23 
mm valve, and the two patients with a 21 mm valve may 
coincidentally have had particularly favorable post- 
surgical prosthetic function. This finding further il- 
lustrates that an effective valve area postoperatively 
may be independent of the manufacturer’s designated 
valve diameter. 

Similar data on the widely used Hancock prosthesis 
suggest that, although effective orifice area generally 
increases with increased valve size,45-14 there may be no 
absolute correlation between calculated valve area and 
the manufacturer's designated prosthesis size.!? The 
mechanism for this commonly encountered but un- 
predictable degree of functional prosthetic obstruction 


TABLE Ill 


Comparison of Intraoperative and Postoperative Peak 
Prosthetic Valve Gradients in Five Patients 


Peak Prosthetic Valve 





Gradient (mm Hg) 
Case Age (yr) Intra- Post- 
no. & Sex operative operative 
1 50F 14 24 
4 45M 0 10 
5 66M 10 20 
8 42M 20 30 
9 52M 0 18 





is not apparent. Isolated reports have noted instances 
of valve fibrosis!" and calcification? in the porcine 
xenograft. The small transvalve gradients seen in the 
majority of patients are to be expected simply on the 
basis of reduced outflow diameter secondary to the 
thickness of the prosthetic base and sewing ring.? We 
encountered two patients in our study (one with a 23 
mm and one with a 25 mm prosthesis) with a postop- 
erative peak gradient greater than 50 mm Hg, a value 
compatible with significant aortic stenosis.!° Both these 
patients show clinical and hemodynamic improvement 
but remain in functional class II with residual exertional 
symptoms. It may be that changes in compliance of the 
xenograft over time as a result of factors such as fibrous 
thickening and calcium deposition are responsible for 
this rather atypical degree of prosthetic obstruction. 

Effect of exercise: Exercise data were available for 
only three patients in our study (Table II). Two patients 
showed no significant change in calculated valve area 
with modest increases in cardiac output. In the third 
patient, whose cardiac output doubled with exercise, the 
effective valve orifice area increased by 0.25 cm?. Some 
evidence obtained with the Hancock xenograft suggests 
that valve leaflet inertia may account for the decreased 
calculated orifice area with a lower flow rate and that 
eifective area may increase in vivo with a larger stroke 
volume.!? Further study will be needed to determine 
whether the more flexible Carpentier-Edwards 
bioprosthesis will afford relative improvement of ef- 
fective orifice area with increasing flow. 

Comparison with Hancock bioprostheses: Al- 
though intraoperative prosthetic valve gradients were 
measured in only five patients, in all five patients the 
gradient was increased to some degree at the time of 
follow-up catheterization (Table III). This finding 
suggests that transvalve obstruction may progress after 
surgery and that the intraoperative gradient may not 
be a particularly reliable predictor of late prosthetic 
valve function. We also compared stent diameter and 
effective orifice area of the Carpentier-Edwards and 
Hancock bioprostheses (21 to 25 mm) (Fig. 4). For the 
23 and 25 mm stent diameters, the two types of pros- 
theses demonstrated similar areas. In the two patients 
with the Carpentier-Edwards valve, the mean effective 
orifice area of the 21 mm prosthesis was 0.3 cm? greater 
than that in the eight patients reported on with the 


TABLE IV 


Gradient and Valve Areas for the Carpentier-Edwards 
Bioprosthesis Versus Stent Diameter (Manufacturer’s 
Designation) 





Valve Size 
(stent diameter) Valve Gradient (mm Hg) Valve Area (cm?) 
(mm) Range Mean Range Mean 
21 (no. = 2) 10-26 18 1.3-1.4 1.35 
23 (no. = 6) 17-59 30 0.8-1.5 1.1 
25 (no. — 6) 11-43 19 1.1-1.9 1.5 
27 (no. = 3) 8-15 11 1.6-3.3 2.7 
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Hancock xenograft? (P «0.001 by the unpaired Stu- 
dent’s t test). Although the increased area demonstrated 
with the 21 mm Carpentier-Edwards bioprosthesis may 
be biased by an atypically favorable result in our two 
patients, it should be noted that in the eight patients 
with 21 mm Hancock valves studied in the comparative 
series, the largest area noted was only 1.27 cm". It is 
therefore possible that the Carpentier-Edwards 
bioprosthesis may not have the same hemodynamic 
limitations encountered with the Hancock valve for use 
in the 21 mm anulus. Lee et al.!° have also suggested a 
possible advantage of the Carpentier-Edwards valve in 
the smaller diameter valve sizes. 

Postoperative aortic regurgitation: None of the 
17 patients evaluated had aortic regurgitation postop- 
eratively. This finding is similar to that reported by Lee 
et al.,!° who showed minimal prosthetic regurgitation 
in 3 of the 15 patients studied with the Carpentier- 
Edwards bioprosthesis. Morris et al. demonstrated 
minimal regurgitation in 8 of 23 patients with a Hancock 
prosthesis who were asymptomatic and studied elec- 
tively. It appears that prosthetic regurgitation in the 
Carpentier-Edwards xenograft is uncommon. Whether 
this represents truly improved prosthetic valve function 
compared with that of the Hancock prosthesis is un- 
clear. 

Implications: The Carpentier-Edwards biopros- 
thesis affords significant hemodynamic and clinical 
improvement when used in the aortic position. As has 
been demonstrated with other porcine heterografts, this 
valve will produce postoperative transvalve gradients 
that may be of clinical importance in a minority of pa- 
tients. In the larger anulus sizes (23 thru 27 mm) the 
Carpentier-Edwards bioprosthesis shows a hemody- 
namic function similar to that of the standard Hancock 
xenograft. In view of previous reports of significant 
transvalve gradients with the smaller anulus diame- 
ters,?? we do not use the 19 mm porcine xenograft in 
adults and have limited our use of 21 mm valves to 
women with a relatively small body surface area. How- 
ever, hemodynamic data in two patients with a 21 mm 
prosthesis demonstrated only a moderate transvalve 
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FIGURE 4. Comparison of the Hancock and Carpentier-Edwards 
bioprostheses of various stent diameters. Open triangles indicate the 
weighted averages for each stent diameter from the series of Cohn,? 
Jones’ and Morris? and their co-workers. Closed circles indicate the 
individual calculated valve area of each patient in our present study. 
Horizontal bars indicate the average valve areas for each stent diameter 
of the Carpentier-Edwards bioprosthesis in our series. 


gradient and a greater effective orifice area than that 
previously reported for the standard Hancock xeno- 
graft. Possibly the improved function in these cases 
reflects the fully flexible design and reduced stent wall 
thickness in the Carpentier-Edwards bioprosthesis. 
This effect may be in some ways similar to that noted 
in the modified Hancock valve which, with its more 
mobile, less thickened right coronary leaflet, may also 
afford improved hemodynamic function in the 21 mm 
anulus.!©!7 Further hemodynamic follow-up and eval- 
uation in patients with the smaller porcine prosthesis 
will be necessary to clarify these issues. 
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The effect of left ventriculomyotomy and myectomy on exercise capacity 
and cardiac function in patients with obstructive hypertrophic cardio- 
myopathy has not previously been determined. In this study, 29 patients 
were evaluated during graded treadmill exercise before and after oper- 
ation. Postoperatively, 27 of 29 patients reported symptomatic im- 
provement and had greatly reduced left ventricular outflow gradient. 
Twenty-five of 28 patients (89 percent) attained higher exercise levels 
after operation, and this was accompanied by an increase in total body 
oxygen consumption from 16 to 21 ml/min per kg (P <0.005). 

A significant increase in cardiac index during maximal exercise also 
accompanied this improved exercise performance (5.0 to 5.7 liters/min 
per m?, P « 0.05). The increase in maximal cardiac index was associated 
with greater desaturation of mixed venous blood (34 to 24 percent, P 
« 0.02) in patients with preoperative angina. At a given level of mixed 
venous oxygen saturation (30 percent), overall mean cardiac index was 
higher postoperatively (4.6 to 5.2 liters/min per m?, P <0.05). These 
results suggest that, although several mechanisms probably contribute 
to symptomatic improvement after myotomy and myectomy, enhanced 
cardiac performance plays an important role in the majority of pa- 
tients. 


Operative relief of left ventricular outflow tract obstruction in patients 
with the obstructive form of hypertrophic cardiomyopathy usually leads 
to marked subjective improvement.!? Even patients who manifest 
appreciable gradients only on provocation (Valsalva maneuver, iso- 
proterenol infusion, or inhalation of amyl nitrite) generally report im- 
provement in functional capacity. However, such reports have relied 
exclusively on subjective patient assessment of functional status. To 
evaluate more objectively the influence of operative relief of left ven- 
tricular outflow tract obstruction, we measured peak exercise perfor- 
mance in patients with obstructive hypertrophic cardiomyopathy before 
and 6 months after ventricular septal myotomy-myectomy. We also 
obtained correlative hemodynamic measurements during exercise. Al- 
though myotomy-myectomy is known to reduce greatly or eliminate the 
left ventricular outflow tract gradient and to lower left ventricular filling 
pressure at rest, no information is available concerning postoperative 
changes in circulatory function during exercise. Thus, the aim of this 
investigation was to determine the influence of septal myotomy and 
myectomy on overall exercise performance and on hemodynamic indexes 
reflecting circulatory function during exercise. 


Methods 


Patients: Twenty-nine patients, aged 18 to 65 years, underwent exercise 
studies shortly before and 6 months after septal myotomy and myectomy. 
Forty-one study subjects were initially selected from a total of 66 operative 
candidates with obstructive hypertrophic cardiomyopathy admitted to the 


August 1979 The American Journal of CARDIOLOGY Volume 44 215 - 


EXERCISE PERFORMANCE AFTER MYOTOMY-MYECTOMY—REDWOOD ET AL. 


Cardiology Service between April 1972 and December 1975. 
The remaining 25 patients were not offered study participa- 
tion because requisite facilities were not available when these 
patients had routine preoperative assessment. These 25 pa- 
tients did not differ in their clinical or hemodynamic status 
from study participants. In 6 of the 41 study participants, 
postoperative measurements could not be performed (because 
of late postoperative death in 1, complete heart block in 2 and 
noncardiac medical complications in 3). An additional six 
subjects were unavailable for postoperative studies for non- 
medical reasons. 

Patients underwent operation if they had incapacitating 
symptoms that were refractory to appropriate medical ther- 
apy, including large doses (up to 480 mg/day) of propranolol. 
Fifteen patients suffered primarily from angina pectoris; the 
remaining 14 had syncopal attacks, dyspnea, fatigue or pre- 
syncope as their major symptom. Nineteen patients, aged 29 
to 65 years (mean age 44), had a preoperative left ventricular 
outflow tract gradient at rest that ranged from 37 to 118 mm 
Hg. Ten patients, aged 18 to 57 years (mean age 34), did not 
have a significant (more than 25 mm Hg) left ventricular 
outflow tract gradient at rest. All of these latter patients had 
a gradient of 50 to 130 mm Hg provoked by Valsalva maneuver 
or by infusion of isoproterenol. The age difference between 
patients with obstruction at rest and patients with provokable 
obstruction was significant (P < 0.025). Postoperatively, a 
majority of patients demonstrated complete or nearly com- 
plete relief of obstruction. Seventeen of 19 patients with 
preoperative obstruction at rest had a gradient at rest after 
operation of less than 15 mm Hg. The gradient in the other two 
patients was reduced from 90 to 40 and from 95 to 25 mm Hg, 
respectively. Eight of 10 patients with preoperative pro- 
vokable obstruction had a provokable gradient after operation 
of less than 15 mm Hg. The maximal provokable gradient in 
the other two patients had decreased from 130 to 65 and from 
60 to 50 mm Hg, respectively. 

Exercise performance: All patients exercised on a 
motor-driven treadmill with continuous electrocardiographic 
monitoring. Administration of propranolol was discon- 
tinued at least 48 hours before the study. The speed of the 
treadmill was maintained constant at 2.2 miles/hour; and the 
initial 0 percent grade was increased 2.5 percent every 2.5 
ininutes until the onset of symptoms. If patients completed 
20 minutes of this “standard” protocol, exercise tolerance was 
reassessed on a subsequent occasion utilizing an *augmented" 
protocol (Table I). The duration of exercise and heart rate at 
the onset of symptoms sufficiently severe to oblige the patients 
to stop exercise were recorded, together with the total body 





TABLE ! 
Augmented Protocol for Treadmill Exercise 
Exercise Speed Grade 
Level* (miles/ (96) 
hour) 
1 1.9 10 
2 2.3 12 
3 2.7 14 
4 3.1 16 
5 3.5 18 
6 3.9 20 
T 4.7 20 
8 5.5 20 
9 6.3 20 
10 7.1 20 





* Each level is sustained for 2.5 minutes. 


oxygen consumption measured by means of a continuous flow 
system utilizing a paramagnetic oxygen analyzer.^ Arrhyth- 
mias were not encountered during studies in any of the pa- 
tients. 

One to 3 days later cardiac output response to treadmill 
exercise was assessed in each patient with use of the Fick 
principle. Oxygen consumption was measured as before. 
Mixed venous blood was obtained by sampling from a catheter 
previously introduced into the pulmonary artery, and systemic 
arterial blood was withdrawn from a short Teflon? catheter 
inserted percutaneously into the brachial artery. Arterial and 
mixed vénous blood oxygen contents were measured using a 
polarographic method.^ Blood oxygen saturation was esti- 
mated from these data and from measurements of hemoglobin 
concentration. Systemic and pulmonary arterial pressures 
were recorded with 23dB Statham pressure transducers. Zero 
pressure was set at 10 cm below the sternal angle. Measure- 
ments were obtained at rest in the sitting position and during 
the 5th minute of a mild level of treadmill exercise (2.2 
miles/hour at 0 percent grade). The exercise intensity was then 
increased with no intervening rest period to a level that had 
been determined at previous trials to produce limiting 
symptoms in 5 to 6 minutes (maximal exercise). Measure- 
ments were repeated during the 5th minute of exercise at these 
intense levels. The reliability and reproducibility of this 
method for the measurement of cardiac output under exercise 
conditions has previously been documented. Postoperatively, 
measurements were repeated at sitting rest, during exercise 
at 2.2 miles/hour at 0 percent grade and at an intense level of 
exercise that produced limiting symptoms in 5 to 6 minutes. 
Speeds and grades eliciting limiting symptoms were not nec- 
essarily the same before and after operation. 

Statistical methods: All comparisons were made using the 
two-tailed Student's ¢ test for paired data. 


Results 


Exercise capacity: Postoperatively 27 of 29 patients 
reported subjective improvement in exercise capacity. 
Treadmill testing (Fig. 1) showed that 16 of 19 patients 
with preoperative obstruction at rest and all of 9 pa- 
tients with provokable preoperative obstruction were 
able to exercise at higher work loads after operation. 
Thus, 25 of 28 patients (89 percent) attained higher 
exercise levels after operation. Seventeen patients (61 
percent) reached work loads at least three levels above 
peak preoperative work load, and seven (25 percent) 
increased their maximum by six or more levels after 
operation. 

In general, the greatest improvement in exercise 
capacity was seen in patients with preoperative angi- 
na: In six of seven patients with an increase in peak 
exercise of six or more levels exercise was limited by 
chest pain before operation. Two patients with a pre- 
operative gradient at rest and two patients with pro- 
vokable obstruction increased their maximal exercise 
performance from levels consistent with severe limita- 
tion (less than 12 minutes on the standard protocol) to 
levels indicating a normal exercise capacity. Each of 
these had preoperative angina that was absent in the 
postoperative period. Nevertheless, patients with 
dyspnea, fatigue or presyncope on preoperative testing 
were equally likely to manifest a significant increase in 
exercise capacity after operation. 
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FIGURE 1. Treadmill exercise capacity before and 6 months after 
myotomy-myectomy in patients with preoperative obstruction at rest 
(left panel) and provokable obstruction (right panel). The symbols de- 
note the exercise-limiting symptom in each patient. The lower half of 
each panel shows the duration of exercise in patients using the standard 
protocol. The upper half of each panel shows duration of exercise uti- 
lizing the augmented protocol (see text and Table |). It should be noted 
that the intensity of effort (and the rate of associated physiologic change) 
is different for exercise performed according to the standard protocol 
(lower half) and for exercise according to the augmented protocol 
(upper half). This discontinuity is expressed by different time scales 
for each half and by horizontal slashes interrupting vertical axes and 
lines connecting paired results from individual patients. Post-op — 
postoperative; Pre-op — preoperative; SOB — shortness of breath. 


Oxygen consumption and heart rate: Total body 
oxygen consumption at peak exercise (Fig. 2) increased 
in patients with preoperative obstruction at rest an 
average of 19 percent (from a mean of 16 ml/min per kg 
before operation to 19 ml/min per kg after operation, 
P «0.005). In patients with preoperative provokable 
obstruction, oxygen consumption increased an average 
of 56 percent from a mean of 16 to 25 ml/min per kg (P 
<0.005). Pooled results from all patients indicated an 
increase in mean oxygen consumption during peak ex- 
ercise from 16 ml/ min per kg before operation to 21 
ml/min per kg after operation (P <0.005); an increase 
was observed in 21 of 27 patients (78 percent) so moni- 
tored. In 16 patients (59 percent) oxygen consumption 
during postoperative peak exercise rose more than 20 
percent above comparable preoperative levels and in 
seven (26 percent) it increased by more than 50 per- 
cent. 

Heart rate during peak exercise increased from an 
average of 136 to 156 beats/min (P «0.001) after oper- 
ation in patients with preoperative obstruction at rest. 
A similar rise from 134 to 162 beats/min was noted in 
patients with provokable preoperative obstruction. 
However, a fixed level of submaximal exercise (Fig. 3) 
produced a slower heart rate in the postoperative period 
(average decrease 14 beats/min [P «0.025] for 12 pa- 
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FIGURE 2. Total body oxygen consumption (VOz2) at peak exercise 
recorded in each patient, before and after operation, during the same 
treadmill exercise protocol as depicted in Figure 1. Mean values are 
shown by the barred circles beside each column. p — probability; other 
abbreviations as in Figure 1. 


tients with preoperative obstruction at rest and 5 
beats/min for 6 patients with provokable obstruc- 
tion). 

Cardiac index: Cardiac index during maximal ex- 
ercise (Fig. 4) increased in the postoperative period by 
an average of 12 percent (from an average of 5.0 to 5.7 
liters/min per m?, P «0.05). However, much hetero- 
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FIGURE 3. Heart rate measured during identical levels of submaximal 
exercise (2.2 miles/hour at 0 percent gradient) before and 6 months 
after operation in patients with preoperative obstruction at rest (left 
panel) and provokable obstruction (right panel). The symbols refer to 
symptoms limiting subsequent maximal effort. No patient was symp- 
tomatic during submaximal effort. N.S. = not significant; other abbre- 
viations as in Figures 1 and 2. 


.217 


EXERCISE PERFORMANCE AFTER MYOTOMY-MYECTOMY—REDWOOD ET AL. 


CARDIAC INDEX 
AT MAXIMAL EXERCISE 





— TER I TS r 


L/min/m? 


: co 

— 
wea c o oco eee ee es eS AE 
| 








FIGURE 4. Cardiac index at maximal exercise measured in each patient 
before and 6 months after myotomy-myectomy in 20 patients. L — liters; 
other abbreviations as in Figures 1 and 2. 


geneity was observed in individual patient response. In 
6 of the 21 patients with complete studies, cardiac index 
at maximal exercise increased by more than 20 percent 
after operation. Seven additional patients showed in- 
creases of 20 percent or less. In the remaining eight 
patients, cardiac index during maximal exercise was 
unchanged or slightly decreased in the postoperative 
period. Thus, a majority of patients (62 percent) had 
some degree of improvement in cardiac index at maxi- 
mal exercise, although the magnitude of the increase 
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FIGURE 5. Cardiac index (C.|.) at 30 percent pulmonary arterial oxygen 
saturation level measured during treadmill exercise before and after 
myotomy-myectomy in patients with preoperative obstruction at rest 
(left panel) and provokable obstruction (right panel). Abbreviations as 
in Figure 1 to 4. 


was often small. Changes in cardiac output paralleled 
changes in cardiac index since no patient in this study 
had an important change in body weight in the post- 
operative period. 

An increase in cardiac index may be due to im- 
provement in cardiac function during exercise. Alter- 
natively, it may occur in response to increased circula- 
tory stress during exercise. For example, greater moti- 
vation or removal of a limiting symptom may cause a 
patient to stress himself more intensely, thereby at- 
taining greater cardiac output as a result of the in- 
creased stress. Discrimination between these possible 
reasons for an increase in cardiac index can be made by 
relating cardiac index to pulmonary arterial oxygen 
saturation: Improved cardiac function during exercise 
is evident when a higher value for cardiac index is ac- 
companied by no change or an increase in simulta- 
neously measured pulmonary arterial oxygen satura- 
tion. Therefore, we plotted values of cardiac index 
measured at each study session against corresponding 
pulmonary arterial oxygen saturation levels and ob- 
tained estimates of cardiac index at a standard pulmo- 
nary arterial oxygen saturation level (30 percent) by 
linear extrapolation or interpolation (Fig. 5). This 
analysis demonstrated that the average postoperative 
increase in cardiac index at a 30 percent pulmonary 
arterial oxygen saturation level was 13 percent (from a 
mean of 4.6 to 5.2 liters/min per m? [P <0.05]). Indi- 
vidual patient responses remained heterogeneous after 
adjustment for differences in pulmonary arterial oxygen 
saturation. Nevertheless, these data indicate that a 
substantial majority (71 percent) had some degree of 
improvement in cardiac function, and that 29 percent 
had considerable improvement (20 percent increase in 
cardiac index at a 30 percent pulmonary arterial oxygen 
saturation level). 

Oxygen saturation and blood pressure in the 
pulmonary artery: Analysis of our measurements of 
pulmonary arterial oxvgen saturation revealed distinct 
differences between patients with preoperative angina 
and those with primary complaints of dyspnea and fa- 
tigue in the preoperative period (Fig. 6). In patients with 
preoperative angina the pulmonary arterial oxygen 
saturation level during maximal exercise was signifi- 
cantly lower after operation (34 percent preoperatively 
and 24 percent postoperatively, P <0.02). The same 
magnitude and consistency of change in pulmonary 
arterial oxygen saturation during exercise was not seen 
in patients with preoperative limitation by dyspnea and 
fatigue. It seems likely that operative alleviation of 
symptoms permitted the patients with angina-limited 
exercise to perform more vigorously and thus attain 
greater levels of pulmonary arterial desaturation. Pul- 

nary arterial oxygen saturation at rest was the same 
belbre and after operation. 

In contrast to patients with preoperative limitation 
by angina the patients limited by dyspnea tended to 
have elevated mean pulmonary arterial pressures (more 
than 35 mm Hg) during maximal exercise (Fig. 7). Seven 
of these eight patients had substantial decréases in 
mean pulmonary arteria! pressure, averaging 11 mm Hg, 
during postoperative maximal exercise despite the 


218 August 1979 The American Journal of CARDIOLOGY Volume 44 


greater intensity of maximal exercise in the postoper- 
ative period and despite concomitant increases in 
postoperative cardiac output. Of the 12 patients with 
normal pulmonary arterial pressures during maximal 
exercise before operation, only 1 had abnormally high 
pulmonary arterial pressure (40 mm Hg) during exercise 
aftes operation. 


Discussion 


The results of this study indicate that myotomy- 
myectomy in severely symptomatic patients with ob- 
structive hypertrophic cardiomyopathy results in 
marked symptomatic improvement in most instances. 
After operation, 27 of 29 patients reported complete or 
partial relief of angina pectoris, dyspnea, fatigue or 
presyncope. Similar benefit has been reported previ- 
ously.!-? Objective corroboration of this improvement 
was demonstrated by treadmill exercise testing: sub- 
stantial increases in exercise capacity (Fig. 1) and peak 
oxygen consumption (Fig. 2) occurred in the great ma- 
jority of patients. This improvement was observed 
consistently regardless of the character and intensity 
of symptoms (angina, dyspnea or presyncope) and re- 
gardless of the presence or absence of a large preoper- 
ative left ventricular outflow tract gradient at rest. 

Before operation, all patients had received intensive 
medical therapy including administration of propran- 
olol in doses of 160 to 480 mg/day. Thus, it would appear 
that operative treatment can result in significant 
symptomatic improvement in patients with obstructive 
hypertrophic cardiomyopathy after medical therapy has 
failed to control symptoms adequately. 

Mechanisms of improved exercise performance: 
Several mechanisms may be responsible for this im- 
proved exercise performance after myotomy and my- 
ectomy. The increase in cardiac index at a 30 percent 
pulmonary arterial oxygen saturation level observed in 
the majority of patients during postoperative exercise 
(Fig. 5) suggests that the beneficial influence of myot- 
omy-myectomy may, at least in part, result from im- 
provement in cardiac function. Such improvement in 
pumping capacity may be caused by elimination of ob- 
struction to left ventricular emptying during exercise, 
and it may also reflect improved diastolic compliance 
consequent to relief of chronic left ventricular systolic 
overloading. Our data tend to exclude the possibility 
that a postoperative decrease in left ventricular outflow 
tract gradient simply reflects myocardial injury sus- 
tained in the course of operation.’ 

Our data also suggest that relief of limiting symp- 
toms may be an important aspect of the beneficial in- 
fluence of myotomy-myectomy. Thus, patients with 
preoperative angina were able to exercise more vigor- 
ously and their pulmonary arterial oxygen saturation 
decreased to a greater degree during exercise after op- 
eration than before operation (Fig. 6). The greater de- 
gree of pulmonary arterial desaturation probably re- 
flects the greater stress tolerated by the patient when 
limiting chest pain is abolished. 

Patients limited by exertional dyspnea may expe- 
rience an improvement in exercise capacity by a sim- 
ilar mechanism. Pulmonary arterial pressure during 
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FIGURE 6. Pulmonary arterial oxygen saturation at maximal exercise 
before and after myotomy-myectomy in patients whose major exer- 
cise-limiting symptom before operation was angina pectoris (left panel) 
and dyspnea or fatigue (right panel). Abbreviations as in Figures 1 to 
3. 


exercise, when elevated in the preoperative period, was 
usually substantially decreased after operation. This 
decrease probably reflects reduction in elevated left 
ventricular filling pressures during exercise, and thus 
may be important in mitigating the subjective sensation 
of breathlessness. Because cardiac output is generally 
the same or greater during postoperative exercise, lower 
pulmonary arterial pressures may well relate either to 
improved left ventricular systolic function or to in- 
creased diastolic compliance, or to both such mecha- 
nisms. 

These results do not exclude other factors, such as 
motivation and physical conditioning, from playing a 
role in the increased maximal cardiac output response 
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FIGURE 7. Mean pulmonary arterial (PA) pressure at maximal exercise 
before and after myotomy-myectomy in the eight patients who mani- 
fested elevated values preoperatively. Abbreviations as in Figure 1. 
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to exercise. The real or imagined relief of life-threat- 
ening symptoms brought about by operation would 
undoubtedly encourage most patients to undertake 
activities at an intensity that they had been fearful of 
attempting preoperatively. This change in attitude 
might in itself encourage the patient to perform more 
exercise during study and lead to an apparent im- 
provement in pump function. In addition, any increase 
in daily physical activity levels might be accompanied 
by a training effect that would secondarily result in an 
improved circulatory response to exercise. Such 
mechanisms could explain the change in pre- and 
postoperative heart rate that occurred during identical 
levels of submaximal exercise. During exercise at 2.2 
miles/hour at 0 percent grade, heart rate was signifi- 
cantly lower postoperatively than preoperatively (Fig. 


3). Nevertheless, although the heart rate data can be 
explained by a training effect, it is equally probable that 
they are due to a direct improvement in myocardial 
function induced by the operation. 

Implications: Relief of left ventricular outflow tract 
obstruction by myotomy-myectomy in severely symp- 
tomatic patients with obstructive hypertrophic car- 
diomyopathy results in symptomatic and hemodynamic 
improvement during intense upright exercise. Although 
several mechanisms probably contribute to this im- 
provement, it is likely that enhanced cardiac perfor- 
mance is a factor in many cases. Our findings lend strong 
support to the continued role of operative treatment in 
the management of patients with obstructive hyper- 
trophic cardiomyopathy refractory to medical man- 
agement. 
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The records of 1,235 consecutive patients treated with long-term pacing 
by the endocardial route between 1964 and 1977 were analyzed to de- 
termine the incidence, mechanism, course and treatment of septicemia. 
Septicemia developed in 12 patients (1 percent), and Staphylococcus 
aureus was isolated from the blood culture in 10. All patients were treated 
with the usual prolonged course of bactericidal drugs. Treatment was 
successful in only two of the seven patients whose endocardial pacing 
system was left in place; in three of the seven the septicemia recurred, 
necessitating removal of the endocardial system, and two of these patients 
died. In the remaining four patients the endocardial wire was promptly 
withdrawn, with use of a thoracotomy when necessary, and an epicardial 
system inserted; all of these patients survived. This is the treatment of 
choice. 


The mortality rate of chronic complete heart block has been greatly 
decreased with use of long-term cardiac pacing, and the expectation of 
life of older patients with a pacemaker is little different from that of the 
general population.! Now that pacemaker generators are reliable, in- 
fection resistant to antibiotic drugs because of the presence of a foreign 
body has become the most important serious complication of long-term 
pacing. Its incidence in published reports? ranges between 0 and 19 
percent. In patients with an implanted endocardial pacemaker infection 
may develop around the site of the pacemaker generator or anywhere 
along the subcutaneous course of the pacing electrode. The most common 
infective organism is the coagulase-positive staphylococcus.’ Reports9-* 
of septicemia occurring in patients with an endocardial pacemaker 
generally indicate that any sustained bacteremia should be regarded as 
evidence of endocarditis because of the close relation between the en- 
docardial pacing electrode and the tricuspid valve.?:!? In this study we 
review the incidence, etiology and management of septicemia in patients 
with a permanent endocardial pacemaker. 


Methods 


Patients: Between 1964 and 1977,a total of 1,235 patients were treated with 
endocardial pacing by means of an implanted generator using the technique 
described by Siddons and Nowak.!! Before 1972 prophylactic antibiotic therapy 
was routinely used in patients with a surgically implanted pacemaker. Subse- 
quently, antibiotic drugs were given only in patients who had had a previous 
infection or an excessively long surgical procedure or had diabetes mellitus. The 
incidence of infective complications did not differ in the groups with and without 
routine antibiotic therapy.!! 

Septicemia developed in 12 (1 percent) of 1,235 patients; 5 were men and 7 
women. Their mean age was 72 years (range 36 to 92). The underlying rhythm 
disturbance was established complete heart block in nine, intermittent block 
in one, and sinoatrial disease in two. 
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Results 


Clinical features: Fever, often with chills was the 
most common presentation; three patients had an acute 
toxic confusional state at the onset of their illness and 
three had acute renal failure. Systemic manifestations 
of endocarditis were uncommon, although two patients 
had petechial rashes and none had systemic emboli. 

Of the three patients with tricuspid valve damage at 
necropsy, one had a murmur. Echocardiography was 
used to examine the tricuspid valve in four patients, but 
no vegetations on the valve apparatus were detected. 

Positive blood cultures of Staphylococcus aureus: 
These were obtained in 10 patients and Bacillus proteus 
in another. In the remaining patient the results of blood 
culture were negative but the clinical diagnosis was al- 
most certain and Staphylococcus aureus was grown 
from the pacemaker site. In all patients in whom cul- 
tures were taken from the site of implantation, identical 
organisms were grown. 

Source and site of infection: In all 12 patients with 
septicemia there was an obvious portal of entry for skin 
bacteria to reach the bloodstream. In one patient, a 
second pacemaker implantation, performed because of 
dislodgment of the initial electrode, was followed by 
septicemia within a week. In the remaining 11 patients 
there had been a period of temporary external pacing 
with the electrode cable traversing the skin to a bedside 
pacemaker, or skin over the generator or cable had 
eroded (Table I). 

When repeated electrode displacement or an increase 
in threshold occurred (two patients), and when skin 
erosion occurred over the generator or cable (four pa- 
tients), our policy was to remove the pacemaker and 
pace externally using the same electrode for several 
days. A new electrode and generator were then im- 
planted at a new site. In four of these six patients at- 
tempts to pull out the old electrode failed; the cable was 
cut close to the site of vein entry and the skin closed over 
it. In five of these patients the septicemia developed 
within 3 weeks. In one patient who had had both skin 
erosion and external pacing 10 weeks elapsed before the 
fever started. The remaining five patients did not report 


TABLE | 
Summary of Cases 


erosion of skin over the implanted electrode until the 
onset of symptoms of septicemia, although ulceration 
had developed a few days to 6 weeks previously. 

In the nine patients with skin erosion it is not certain 
whether this was the result of infection or occurred as 
a purely mechanical process. In six of the nine there had 
been no evidence of infection for 3 or more months after 
pacemaker implantation; this finding suggests that 
mechanical erosion of breaking the skin barrier rather 
than operative contamination was the primary cause. 

Management of septicemia: Appropriate antibiotic 
drugs, usually a combination of penicillin and amino- 
glycoside, were given for 6 weeks or until death to all 11 
patients with the diagnosis of septicemia except in one 
who manifested severe diarrhea after 5 weeks of treat- 
ment. Early in the series attempts were made to control 
the septicemia with antibiotic drugs alone without re- 
moving the pacing system. Of six patients with seven 
episodes of septicemia treated in this way, two died and 
three had recurrence of septicemia; the condition of two 
of these patients was subsequently controlled with more 
radical treatment (see later). In this group of six patients 
two patients survived without relapse (Table II). 

The endocardial system was entirely removed in four 
patients and epicardial pacing used; all four patients 
survived. These four include two who had a recurrence 
of septicemia after management with antibiotic therapy 
alone. Placement of the epicardial electrodes was per- 
formed using the xiphoid approach in one. In the other 
three the endocardial electrode could not be withdrawn 
through the vein and a limited thoracotomy was per- 
formed for removal of the electrode; new electrodes were 
inserted into the epicardial surface of the left ventricle 
at the same time. 

In one patient removal of the entire pacing system 
followed immediately by replacement with a contrala- 
teral endocardial implant was successful. The final 
patient was not treated because the diagnosis was not 
established during life. 

Necropsy: Necropsy was performed in the four pa- 
tients who died from septicemia. Three had tricuspid 
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Pacing Period Interval From External 
Case Age (yr) Proce- Before Septicemia Pacing to Septicemia Recent Skin Electrode New Pacing 
no. & Sex dures (mo) (days) Erosion Removed Method Outcome 
1 92M E 41 Yes No No change Alive 
2 78F 2 9 days 7- No No change Dead 
3 87M 2 18 Yes No No change Alive 
4 81F 4 16 12 Yes No No cnn) Recurrence 
No No charge Died 
5 65F 5 37 5 No No No change Recurrence 
Yes (T) Epicardial Alive 
6 72F 10 102 14 No o No genge) PPS 
Yes (T y Epicardial Alive 
7 73M 8 95 21 Yes Yes (T) Epicardial Alive 
8 81M 4 31 Ts Yes Partly Epicardial Alive 
9 78F 1 1 T Yes Yes Endocardial Alive 
10 36M 4 41 T Yes Yes Not paced Alive 
11 64F 3 29 buat Yes Yes Not paced Died 
12 61F 4 29 FAA No Yes Not diagnosed Died 
iee i e — aaa PA L LTO OO DIOG `. 


T = thoracotomy. 
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endocarditis; in one of these the tricuspid valve was 
destroyed and there was abscess formation in the right 
ventricular wall. Other foci of infection were uncommon; 
there was no evidence of septic pulmonary emboli, 
systemic emboli or renal abscess. The underlying renal 
pathology was diffuse rather than focal glomerulone- 
phritis. 


Discussion 


Incidence of septicemia as a complication of 
pacing: The incidence is difficult to establish because 
confusion arises in distinguishing between pace- 
maker-associated septicemia and local inflammation 
occurring around the site of the pacemaker generator. 
In the early history of pacing with the use of an external 
pacemaker, a 6.4 percent incidence rate of septicemia 
(9 of 140 cases) was reported. Patients in whom skin and 
venous entry were adjacent and in whom repositioning 
of the electrode was necessary were particularly vul- 
nerable. In almost all such cases of septicemia pacing 
had been continued for many months, whereas septi- 
cemia does not occur with temporary pacing for acute 
myocardial infarction (it was found in none of 55 cases 
in the study of Sutton et al.!?). 

In our series of 1,235 cases with endocardial pacing 
using an implanted unit the incidence rate of septicemia 
was 1 percent, which is similar to that of previous re- 
ports46.13-18 (Table III). All but one of our patients had 
staphylococcal septicemia, whereas Furman? reported 
a 75 percent incidence rate of this type. Few of our pa- 
tients had the classic findings of endocarditis, and this 
appears to be a feature of staphylococcal septicemia as 
described by Watanakunkorn et al.!? Of the three pa- 
tients who had tricuspid valve destruction, one had the 
appropriate clinical signs. 

Prevention of septicemia: Table I shows that the 
patients with septicemia had a large number of previous 
surgical procedures, far in excess of the average for the 
1,235 patients in the series as a whole. Many of these 
were for mechanical skin necrosis and ulceration around 
the implanted pacemaker generator; the risk of septi- 
cemia is presumably dependent on the incidence of such 
complications. Early in this series these complications 
were managed by the implantation of a generator in a 


TABLE Il 
Treatment of Septicemia in 12 Cases* 


Patients (no.) 


With With With 
Total Recurrence Recovery Death 


Antibiotic drugs alone 7 3 2 2 
Removal of 
endocardial 
system 
Pacing omitted 2 0 1 1 
Epicardial pacing E 0 El 0 
New endocardial 1 0 1 0 
system 


* Each of the three patients with recurrence of septicemia is listed 
twice. One patient is omitted; she received no treatment because the 
diagnosis was made after death. 
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new area, often on the contralateral side of the chest, — 


extending the original pacing electrode across the mid. — 


line. This method of management of skin necrosis over 
the implant proved inadequate, even without gross in- 
fection and when the exudate was sterile on culture. 
Retrospective analysis showed that in 52 percent of 50 
patients, further surgical complications followed (un- 
published data). The practice was superseded by re- 
moval of the entire system, putting in a contralateral 
implant with a new endocardial electrode, and this ap- 
proach was followed by further complications in 15 
percent of 62 patients (unpublished data). 

An increasing rate of erosion of the skin barrier over 
the implanted pacemaker in 1973 led to a more detailed 
analysis. This revealed that, whereas age, sex and the 
site of generator implantation had no influence on the 
incidence of skin necrosis, a second operation for a 
change of implant carried a higher risk than the first. 
There was skin necrosis and ulceration in 6.2 percent 
of 1,120 first implants compared with 11.3 percent of 
631 second implants (unpublished data). The high 
complication rate at that time was thought to be due in 
part (1) to the increasing number of patients who had 
had cardiac pacing for several years and had had many 
previous implants, and (2) to the changing size and 
shape of the pacemaker generators. With the policy of 
implanting a contralateral system with a new pacing 
electrode the incidence of skin necrosis and ulceration 
has been reduced, but careful consideration should be 
given to epicardial pacing once the skin has given way 
over an implanted pacemaker generator. Epicardial 
pacing avoids the risk of septicemia, although skin 
erosion over the implant can still occur and requires 
urgent removal of the system to avoid septic pericar- 
ditis. 

Management of septicemia: On the basis of these 
findings we advise against a conservative approach to 
the management of infection of a pacemaker system. 
When skin necrosis occurs over an implanted pace- 
maker generator, epicardial pacing should be considered 
even though it involves a longer operative procedure 
that, in elderly patients, may increase the risk of cere- 
brovascular accident or postoperative chest complica- 
tions. When endocardial pacing is to be continued, the 
whole infected system should be removed and replaced 


TABLE lll 
Reported Incidence of Septicemia 
Patients Incidence of 
Reference With Septicemia Deaths 

(first author) Year Pacing no. % (no.) 
Edhag® 1969 400 4 1 ? 
Beregovich'? 1970 50 2 4 0 
Fishman 4 1970 60 4 6.6 2 
Codini'® 1973 100 1 1 0 
Torresani'® 1973 800 8 1 4 
Radford” 1974 182 1 0.5 ? 
Ma^ 1974 258 8 adem 2 
Mugica '? 1974 819 2 0.2 TA 
Present 1978 1235 13 1.0 4 

series 


? = not known. 
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by a new system on the other side of the chest. A period 
of external pacing should be avoided. 

Once septicemia is diagnosed, appropriate antibiotic 
drugs should be given, initially parenterally, for a 
minimum of 6 weeks. At the earliest opportunity, and 
in every case, the pacing system should be completely 
removed and replaced by an epicardial system or pos- 


sibly a new endocardial system on the other side of the 
chest. Using these methods we encountered no further 
infections or complications in five patients. 
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intracardiac electrograms from 50 successive patients undergoing per- 
manent pacemaker implantation have been analyzed. There were 29 male 
and 21 female patients aged 14 to 93 years (mean age 68.4 years). The 
electrograms were obtained using methods that simulated the wave form 
that would be detected by unipolar cardiac pacemakers. Three types oí 
electrographic patterns were identified: qR pattern with a q/R ratio of less 
than 1 (type I): OR pattern with a Q/R ratio between 1 and 4.4 (type Il); 
and Qr pattern with a Q/r ratio between 12 and 15 (type Ill). A type | 
pattern was seen in 29 patients (58 percent), type Il in 18 (36 percent) 
and type Ill in 3 patients (6 percent). The duration of the follow-up period 
ranged from 3 weeks to 20 months (mean 9.7 months); three patients were 
lost to follow-up study. There were four deaths apparently unrelated to 
the pacemaker. Recognizable problems (either pacing or sensing failure) 
occurred in one patient (6 percent) with a type II pattern, in two patients 
(66.7 percent) with a type Ill pattern and in no patient with a type | pat- 
tern. 

On the basis of these data it is suggested that at the time of pacemaker 
implantation, intracardiac electrograms with a type I pattern indicating 
good pacing thresholds and sensing should be sought. If type Il wave forms 
occur with good pacing thresholds and sensing then the electrode could 
probably be left in position. The incidence of a type Ill pattern is rare; when 
it does occur it is greatly suggestive of myocardial perforation. When this 
pattern is seen, the pacemaker catheter must be repositioned. 


Myocardial perforation is an important complication of transvenous 
temporary and permanent pacemaker therapy.!-?! Although effective 
pacemaker function may continue in some patients,'? perforation is 
often accompanied by sensing or pacing malfunction, or both,?- 
symptoms and signs of cardiac tamponade’-!° and sometimes 
death.^!^:!? The diagnosis of perforation should be suspected when 
failure of pacing occurs without electrode displacemeht.^!? Chest 
roentgenograms and electrocardiograms are of limited use in confirming 
perforation.!^!^ Rubenfire et al.!^ described a radiographic “epicardial 
fat pad sign," useful in the diagnosis of perforation. The usefulness of 
intracardiac electrograms obtained from the catheter tip electrode (tip 
electrograms) during withdrawal of the catheter was first reported by 
Barold and Center. Subsequently, other workers!?.1?/16 confirmed the 
usefulness of the technique, indicating that R, Rs, RS and rS patterns 
are among the QRS patterns in the tip electrograms that suggest per- 
foration.5121.16 Tt has also been proposed that perforation could be 
avoided if intracardiac electrograms were obtained routinely at the time 
of pacemaker insertion.!?!6 

Hurzeler et al.?? obtained intracardiac electrograms in 96 patients at 
the time of initial pacemaker implantation or pulse generator replace- 
ment. They observed large negative deflections, biphasic deflections and 
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monophasic positive deflections. According to the 
previously cited studies,?!2?1?.16 the Rs and RS patterns 
they found would suggest perforation, but Hurzeler et 
al. did not consider that possibility. Furthermore, in 100 
successive autopsies in our institution we found no ev- 
idence of perforation, although we assume the intra- 
cardiac electrograms of these patients, had they been 
performed, would have shown all types of QRS config- 
uration electrograms (Bilitch M, unpublished obser- 
vations). In addition, we have seen patients whose in- 
tracardiac electrograms obtained at the time of pace- 
maker replacement suggested perforation, although the 
pacemakers were functioning well. 

During the past few years, we have routinely obtained 
intracardiac electrograms at the time of permanent 
pacemaker implantation. In this report, we describe two 
instances in which intracardiac electrography was useful 
in diagnosing perforation. We classified the intracardiac 
electrograms of patients in a series of 50 consecutive 
pacemaker implantations to assess whether any par- 
ticular QRS configuration is associated more frequently 
with pacemaker failure. On the basis of this experience, 
we propose guidelines for action when encountering 
different types of intracardiac electrograms at the time 
of permanent pacemaker implantation. 


2O msec 
H-H 


Methods 

The records were reviewed of 51 successive patients 
who received unipolar permanent pacemakers during 
a 2 year period (under the supervision of one of us). One 
patient without any intrinsic cardiac rhythm was ex- 
cluded from the study because an intracardiac electro- 
gram could not be obtained. There were 29 male and 21 
female patients; their ages ranged from 14 to 93 years 
(mean age 68.4 years). The duration of the follow-up 
period ranged from 3 weeks to 20 months (mean 9.7 
months). Three patients were lost to follow-up. The 
indications for permanent pacemakers included atrio- 
ventricular (A-V) block (30 patients, 60 percent), sick 
sinus syndrome (18 patients, 36 percent), and other 
conduction problems (2 patients, 4 percent). 

Technique of pacemaker implantation: Under 
local anesthesia, the cephalic vein was isolated and a 
pacing catheter with a curved stylet introduced. Under 
fluoroscopic guidance, the catheter was advanced into 
the right atrium, right ventricle and pulmonary artery. 
The stylet was removed halfway and the catheter 
withdrawn into the right ventricle. With the patient 
taking a deep breath, the tip of the catheter was gently 
wedged into the apex of the right ventricle. As far as 
possible, catheter placement was achieved without in- 





FIGURE 1. Intracardiac electrograms obtained in a patient with the oscilloscopic method (left) and the V lead method (right). The polarity of the 
electrogram obtained with the V lead method (right) has a polarity opposite te that of the tracing obtained with the oscilloscopic method (left). The 


tracing at right was retouched. 
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serting the stylet all the way; however, in a few patients 
satisfactory threshold could not be obtained, and the 
complete reinsertion of the stylet was necessary. Sta- 
bilization of the catheter tip was checked with the pa- 
tient taking deep breaths and coughing. 

Strength duration curves (at 0.1, 0.2, 0.5, 1.0, 1.5 and 
2.0 msec pulse width) were measured with an external 
pacemaker (Medtronic model 5300). Both current and 
voltage thresholds were recorded. Impedance at 1 msec 
pulse width was calculated by the formula: Volts/Mil- 
liamps X 1,000 = R(ohms). 

Technique of recording intracardiac electro- 
grams: After satisfactory positioning of the electrode 
and appropriate thresholds were obtained, the catheter 
was fixed to the vein with a single nonabsorbable suture. 
Intracardiac electrograms were recorded using a storage 
oscilloscope (Tektronix, type 564B) with filter settings 
of 0.1 to 3,000 hertz and an input impedance of 30 k Q. 
The tip of the unipolar pacing catheter was connected 
to the negative input of the oscilloscope. The ground 
plate (28 cm?) placed inside the wound was connected 
to the positive input of the oscilloscope. The intracar- 
diac electrogram was recorded at sweep speeds of 50 to 
1,000 mm/sec. Polaroid? photographs were used as 
permanent records. In addition, all data were recorded 
on tape (Ampex FR 1300) together with simultaneous 
surface electrocardiograms (leads 1, aVF and V2). Both 
surface and intracardiac leads were recorded at filter 
frequencies of 0.1 to 2,500 hertz. This method of re- 
cording intracardiac wave forms was utilized to ap- 
proximate the clinical situation. 

In the two patients (Cases 1 and 2) with suspected 
perforation, intracardiac electrograms were obtained 
with the V lead method (Fig. 1, right), as described by 
Barold and Center.? A multichannel photographic re- 


TYPE | TYPE II TYPE III 


V LEAD 
METHOD 


OSCILLOSCOPE 
METHOD 


FIGURE 2. Schematic illustration of the three types of intracardiac 
electrograms obtained with the oscilloscopic method and their corre- 
sponding appearance in the V lead method. 
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corder (Electronics for Medicine DR-8) was used to 
record the intracardiac electrogram. Wave forms ob- 
tained with the oscilloscopic technique had polarity 
opposite to those obtamed with the V lead method (Fig. 
1). The configuration of the native QRS complexes in 
the 12 lead electrocardiogram recorded before pace- 
maker implantation was analyzed. In addition, the QRS 
configuration of the paced beats (left or right bundle 
branch block pattern) was assessed in the electrocar- 
diograms obtained routinely after implantation (within 
24 hours). 


Results 


Intracardiac electrograms: These electrocardio- 
grams could be classified into three major patterns: a 
qR pattern with a q/R ratio less than 1 (type I); a QR 
pattern with a Q/R ratio between 1 and 4.4 (type II); and 
a Qr pattern with a Q/r ratio between 12 and 15 (type 
III) (Fig. 2). A type I pattern was seen in 29 patients (58 
percent), a type II pattern in 18 (36 percent) and a type 
III pattern in three patients (6 percent). 

There were four deaths, all unrelated to the pace- 
maker. T'wo deaths occurred in patients with a type I 
pattern, one death in a patient with a type II pattern 
and one in a patient with a type III pattern. Pacing or 
sensing failure, or both, occurred in one patient (6 per- 
cent) with a type II pattern, in two patients with a type 
III pattern (66.7 percent) and in none with a type I 
pattern. 

Types of catheter electrodes used: The surface 
areas of the different electrodes used are shown in Table 
I. Twenty-seven patients (54 percent) received a Cordis 
ball tip electrode, 15 (30 percent), a Medtronic model 
6907-58 and 6 (12 percent), a Cordis model 322-620. A 
Vitatron MIP 2,000 fixation electrode was used in two 
patients (4 percent) in whom an electrode with a smaller 
surface area could not be left in a stable position. The 
intracardiac electrograms in these two patients revealed 
atype I pattern in one and type II pattern in the other. 
These patients had no pacemaker-related problems 
during the follow-up period (17 and 12 months, re- 
spectively). Distribution of the highest current density 
electrode (Cordis ball tip) in the three types of electro- 
graphic patterns were: 55.2 percent in type I, 50 percent 
in type II and 66.7 percent in type III. These differences 
were not statistically significant (chi square analysis). 
However, all three patients who had pacemaker prob- 
lems had an electrode with a surface area of 11 mm? or 


TABLE | 
Surface Areas of the Four Types of Electrodes Used 
Surface 
Cases Area 
(no.) Manufacturer Model (mm?) 
27 Cordis Ball tip 8 
15 Medtronic 6907 11 
6 Cordis 322-620 17.5 
2 Vitatron MIP 2000 30 
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TABLE Il 
Pacing Thresholds (1 msec pulse width) 


Pattern of Patients Milliam- Impedance 
Electrogram (no.) perage Voltage (ohms) 
Type | 29 08+03 0540.2 651+ 143 
Type Il 18 0.7203 0520.1 724 + 145! 
Type Ill 3 1.2 + 1.2 08+0.6* 950+ 260! 


* Values for voltage threshold differed significantly (P <0.05) be- 
tween types | and Ill. 

T Values for calculated impedance of the wire differed between types 
| and Ill (P <0.05) and between types | and II (P « 0.05). 


less (two patients with Cordis ball tip electrode and one 
with Medtronic 6907). 

Pacing thresholds: The 1 msec pacing threshold in 
patients belonging to the three types are shown in Table 
II. There were no significant differences in current 
thresholds among the three. However, the voltage 
threshold was significantly greater in those with a type 
III pattern than in those with a type I pattern (mean + 
standard deviation 0.8 + 0.6 versus 0.5 + 0.2; P < 0.05). 
The calculated impedance of the electrode catheters in 
the three types showed an increase from type I to type 
IIl; these differences were statistically significant. 
However, these values could be due to minor variations 
in the distribution of the four kinds of electrodes among 
the three types. The impedance of the electrode catheter 
was unusually high in one patient (Case 2) at the time 
of perforation; the impedance decreased dramatically 
after repositioning of the lead. 

The native QRS complexes were classified into six 
categories (Table III). All patients with a type III pat- 
tern had a normal QRS complex. Differences in various 
kinds of QRS complexes in patients with type I and type 
II patterns were not statistically significant (chi square 
analysis). 

The QRS configuration of the paced beats in all cases 
revealed a left bundle branch block pattern. In one pa- 
tient with a type I pattern, a right bundle branch block 
pattern alternated with a left bundle branch block 
configuration. This patient died in the hospital; the 
clinical course was consistent with acute myocardial 
infarction. 


Illustrative Case Reports 


Case 1: A 72 year old woman was hospitalized for congestive 
heart failure. The electrocardiogram on admission revealed 
a sinus rhythm of 80 beats/min with a 2:1 A-V block; the QRS 
complexes were narrow. Four days after admission the patient 
had a permanent pacemaker implanted. A high current den- 
sity electrode (Cordis 322-462 ball tip) was used. The 
threshold (1 msec pulse width) was 0.4 v and 0.5 milliamperes. 
'The postoperative electrogram revealed a continuous pacing 
rhythm; paced QRS complexes showed a left bundle block 
pattern with left axis deviation. Four weeks after implantation 
routine pacemaker evaluation revealed appropriate sensing 
but no ventricular capture. Chest X-ray films indicated a 
proper right ventricular apical electrode position. 

At operation, attempts to pace the ventricle through the 
lead using the maximal output of the external pacemaker 
(Medtronic model 5300) were unsuccessful. The intracardiac 
electrocardiogram revealed a type III pattern (Fig. 3). Elec- 
trograms during withdrawal of the catheter electrode were 
obtained using the V lead method (Fig. 4). During this ma- 
neuver there was progressive S-T segment elevation. A “give 
way" sensation felt by the operator when the catheter elec- 
trode returned to the right ventricular cavity was also evident 
under fluoroscopy. The QRS pattern changed from an Rs to 
an rS type. This clearly documented the perforation. The same 
catheter electrode was repositioned; the intracardiac elec- 
trogram showed a type I pattern. Retrospective analysis of the 
intracardiac electrogram obtained at the time of the first 
procedure also revealed a type III pattern indicating that the 
perforation had occurred intraoperatively during the pace- 
maker implantation. A follow-up examination 6 months later 
showed appropriate pacing and sensing. 


Case 2: A 64 year old woman was admitted to the hospital 
with syncope; a diagnosis of sick sinus syndrome was made. 
At the time of permanent pacemaker implantation, a high 
current density electrode (Cordis model 322-462) was inserted. 
'Thresholds at 1 msec pulse width were 0.5 V and 0.4 mil- 
liamperes. The calculated impedance of the electrode was high 
(1,250 ohms). Careful inspection did not reveal any evidence 
of faulty connections and repeated measurements of thresh- 
olds were identical. The Medtronic model 5300 pacemaker 
system analyzer would not register an R wave. The intracar- 
diac electrocardiogram obtained with the V lead method re- 
vealed an Rs pattern (type III), which suggested perforation. 
'The patient was asymptomatic. The intracardiac electrocar- 
diogram obtained during withdrawal of the catheter electrode 
showed changes in S- T segments that were less dramatic than 
in Case 1. However, a “give way” sensation was felt by the 


RBBB + RBBB + 
LASFB LBBB LASFB LPIFB 

4 (13.8%) 11 (39%) 3 (10.3%) 

3 (16.7%) 2 (11.1%) 1 (5.5%) 

7 (14%) 13 (26%) 1 (2%) 3 (6%) 


LASFB = left anterior-superior fascicular block; LBBB = left bundle branch block; LPIFB = left posterior-inferior fascicular block; RBBB = right 


TABLE Ill 
Form of Native QRS Complexes 
Pattern 
of Narrow 
Electrogram QRS RBBB 
Type | 8 (27.6%) 3 (10.3%) 
(no. = 29) 
Type Il 9 (50%) 3 (16.7%) 
(no. = 18) 
Type III 3 (10096) 
(no. = 3) 
Total 20 (4095) 6 (1296) 
(no. — 50) 
bundle branch block. 
228 August 1979 The American Journal of CARDIOLOGY Volume 44 


operator and the QRS changed to an rS pattern. Ventricular 
premature beats were seen during and after withdrawal. The 
catheter electrode was repositioned in the right ventricular 
apex with an rS pattern (V lead). The calculated impedance 
of the wire was reduced to 700 ohms. An intracardiac R wave 
sensed by the pacemaker system analyzer measured between 
7.4 and 8.2 mv. The postoperative course was uneventful. 
Three months after discharge the patient had a massive ce- 
rebral hemorrhage and died. 


Case 3: An 85 year old woman was admitted to the hospital 
with syncope; sick sinus syndrome was diagnosed. Two days 
after admission she underwent permanent pacemaker im- 
plantation. A Medtronic model 6907-58 lead was used. 
Thresholds (1 msec pulse width) were 0.6 v and 0.9 milliam- 
peres; the calculated impedance was 667 ohms. The intra- 
cardiac electrocardiogram obtained with the oscilloscopic 
method revealed a QR pattern with a Q/R ratio of 2.3 (type 
II). The paced postoperative electrocardiogram showed a left 
bundle branch block pattern. On the 2nd postoperative day 
the pacemaker system was not sensing or capturing. Chest 
X-ray films showed that the electrode tip was located in the 
apex of the right ventricle without evidence of gross perfora- 
tion. An intracardiac electrogram was not obtained during 
withdrawal. The electrode was repositioned. The clinical 
course thereafter was uneventful (follow-up period 19 
months). Perforation was not documented by intracardiac 
electrocardiogram; however, the clinical course suggests the 
diagnosis. 


Discussion 


Pacemaker failure due to myocardial perfora- 
tion: Our study has confirmed the previous observation 
that pacemaker failure occurring without a change in 
electrode position suggest myocardial perforation 16 
and it has again documented the value of intracardiac 


FIGURE 4. Case 1. Simultaneous leads |, aVF and intra- 
cardiac electrogram (E) obtained with the V lead method 


during withdrawal of the catheter electrode. Panels A, B AVF 
pd 


and C are not continuous. Before withdrawal an Rs pat- 

tern was seen in the electrogram (not illustrated). During 
withdrawal the Rs pattern changed significantly into RS E 
and rS patterns. Note the dramatic upward shift in the S-T 
segment in panels B and C. The arrow in panel C indi- 
cates the moment when a ''give way” sensation was felt 
by the operator and the pacemaker tip entered the right 
ventricular cavity. 
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500 msec 
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FIGURE 3. Case 1. Intracardiac electrogram obtained with the oscil- 
loscopic method showing a Qr pattern (type Ill). 


electrocardiograms in confirming the clinical suspicion 
of perforation.?1?1?.16 Characteristic changes in intra- 
cardiac QRS configuration and S-T segments oc- 
curred. 

'The reported incidence rate of myocardial perforation 
by temporary pacemakers ranges from 4 to 20 per- 
cent.®?3 [n contrast, perforation by a permanent pace- 
maker has a reported incidence rate of approximately 
5 to 7 percent.????4 Rubenfire et al.,!4 using the “fat-pad 
sign," observed perforation in 11 of 31 cases (35.5 per- 
cent). However, only four patients (13 percent) diag- 
nosed as having perforation had failure of the clinical 


E.B. 3/27/78 
408-44-20 
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pacemaker system. Vera et al.!? documented perfora- 
tion in 11 percent of a group of 96 patients. Our pace- 
maker failure rate of 6 percent (3 of 50 patients) sec- 
ondary to perforation is somewhat similar to that of 
previous reports. 

Intracardiac electrography to detect perfora- 
tion: On the basis of available information, type II and 
type III intracardiac electrograms would be indicative 
of perforation.512.13/16 Interestingly, Barold and Center 
reported one case with a type I intracardiac electro- 
gram.? In the present series, two of three (67 percent) 
patients with a type III pattern had recognizable 
problems and 1 of 18 (6 percent) patients with a type II 
pattern had clinical pacemaker failure. All deaths were 
believed to be unrelated to the pacemaker. All paced 
beats had a left bundle branch block configuration, ir- 
respective of the type of intracardiac electrogram, ex- 
cept in the one case mentioned. 

It has been suggested that the routine use of intra- 
cardiac electrograms would be helpful in recognizing 
intraoperative perforation, allowing the operator to 
reposition the lead and thus prevent subsequent prob- 
lems.!?.!6 Using this technique in a series of 31 patients, 
Vera et al.!? found no instances of perforation whereas 
in their previous experience with 96 patients, they found 
11 (11 percent) examples of perforation. Intracardiac 
electrography should be performed routinely. One can 
expect that all three types of intracardiac wave forms 
may be seen; the operator should, on the basis of our 
data, make every effort to achieve adequate pacing 
thresholds and type I wave forms of adequate amplitude 
and skew-rate (maximal voltage deflection/time or 
dv/dt).2»26 Parenthetically, data from a study at three 
centers?’ showed that adequate S- T segment elevation 
(minimum 2 mv) favors a successful long-term pacing 
system. The chance of pacemaker failure with a type II 
intracardiac electrogram in our study was 6 percent; this 
incidence rate is lower than that of lead displacement 


(7.5 percent).?? We therefore believe that it is probably 
not necessary to reposition the catheter electrode when 
tvpe II wave forms occur in association with good pacing 
thresholds and adequate S- T segment displacement and 
QRS amplitude. Two of our three patients with type III 
wave forms had recognizable problems. Therefore, when 
this pattern is seen, the pacemaker catheter must be 
repositioned. 

To obtain proper data referable to QRS wave form 
during acute permanent pacemaker implantation, di- 
rect measurement is essential. Neither the polarity of 
the major QRS deflection in the electrogram nor S-T 
segment elevation can be identified with so-called 
pacemaker system analyzers. Furthermore, to make 
data during implantation comparable with those pre- 
sented here, it is important to have proper identification 
of the polarity of the input signals to the recording de- 
vices used. Figure 1 indicates that the major deflections 
in tvpe I of our series will be a predominantly negative 
deflection when the V lead method is used. When the 
method used in our series is utilized, the major deflec- 
tion in type I will be positive. If a standard electrocar- 
diographic instrument is used, our data can be com- 
pared when using the right and left arm leads with the 
unipolar intracardiac catheter being attached to the 
right arm lead and ground plate to the left arm lead. 

Implications: Our data do not indicate unequivocally 
whether all patients with type II and type III wave forms 
had indeed had myocardial perforation. However, we 
believe that a type HI wave form is highly indicative of 
perforation. One might argue that a type II wave form 
represents a partial perforation or penetration of the 
myocardium; however, the incidence of complications 
in patients with this pattern appears to be small. We 
conclude that with use of the intracardiac electrogram 
together with fluoroscopy one can identify potential or 
actual perforation at the time of initial permanent 
transvenous pacemaker implantation. 
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Two dimensional echocardiography was used to identify the descending 
thoracic aorta in 106 subjects. In 12 of these subjects, contrast injection 
techniques were used to identify this structure as it descended posteriorly 
adjacent to the atrioventricular groove. The course of the descending 
thoracic aorta was mapped using both the long axis and transverse axis 
views. The normal descending thoracic aorta (26 subjects) measures 10 
+ 1.4 mm/m* during diastole. Unusual M mode echocardiographic pat- 
terns of the descending aorta may be confused with other disease states; 
they are clarified with the two dimensional study. The size and appearance 
of the descending aorta in different types of cardiovascular disease, in- 
cluding aortic aneurysm, in 80 patients are described. It is anticipated that 
two dimensional echocardiography will prove to be a useful method of 
studying patients with aortic disease. 


The pericardium, the coronary sinus, the pulmonary veins, and the de- 
scending aorta are posterior cardiac structures that are situated adjacent 
to the posterior atrioventricular (A-V) groove. In normal persons M mode 
echocardiographic study of the posterior cardiac surface is limited. A 
discrete pericardial echo is seen only in the presence of a pericardial 
effusion or with sufficient attenuation of the intensity of the ultrasonic 
beam. The coronary sinus is visualized as a separate structure only in 
patients with anomalous pulmonary venous drainage, persistent left 
superior vena cava or tricuspid insufficiency.! The descending aorta has 
not been recognized as a separate structure. 

Two dimensional echocardiography facilitates study of cardiac 
structures because of improved spatial orientation. Preliminary two 
dimensional studies have demonstrated in the long axis view a circular 
echo-free structure posterior to the A-V groove. Although the identity 
of this structure has not been established conclusively, some authors have 
suggested that it may represent the coronary sinus? or a pulmonary vein.” 
The purpose of this report is fourfold: (1) to prove that this circular 
structure represents the descending thoracic aorta, (2) to establish 
normal values for this view of the descending thoracic aorta, (3) to 
demonstrate the ability of two dimensional echocardiography to rec- 
ognize pathologic changes in the descending thoracic aorta, and (4) to 
correlate two dimensional echocardiographic findings with M mode 
echocardiographic studies of the posterior cardiac surface. 


Methods 


Echocardiography: M mode echocardiographic studies were performed in 
the supine or left lateral decubitus position using either a Smith-Kline Ekoline 
20A ultrasonascope interfaced with an Irex 101 Continutrace recorder or an Irex 
System II ultrasomascope. Two dimensional echocardiographic studies were 
performed in the supine or left lateral decubitus position using either a Varian 
V3000 or a Grumman RT400 phased-array sector scanner. In some patients si- 
multaneous M mode and two dimensional echocardiographic studies were also 
performed. The M mode echocardiographic study consisted of a standard lon- 
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gitudinal sweep from the aorta to below the level of the mitral 
valve leaflets. The two dimensional echocardiographic study 
consisted of the long axis view and a series of continuous 
transverse views from the ascending aorta at the level of the 
aortic leaflets to the left ventricular apex. During both M 
mode and two dimensional studies, gain and reject settings 
were adjusted for maximal far field resolution and defini- 
tion. 

Patients: Three groups of patients were studied. Twelve 
patients (Group I) were studied immediately after trans- 
femoral diagnostic cardiac catheterization. Simultaneous M 
mode and two dimensional echocardiographic studies were 
performed using a Varian V3000 phased-array sector scanner; 
during two dimensional study, 1 of the 32 sector scan trans- 
ducer elements was selected to provide an M mode record. The 
catheter tip was positioned within the ascending aorta and 10 
cc of saline solution was rapidly injected. Visualization of the 
microbubbles from the injection or of the catheter within the 
echo-free space identified the descending aorta. 

Twenty-six volunteer normal persons (Group II) were 
studied to define the normal size of the aorta. Eighty patients 
with a variety of cardiovascular disorders (Group III) were also 
studied; 12 patients had coronary artery disease, 10 had mitral 
insufficiency secondary to mitral valve prolapse, 10'had mitral 
insufficiency from a cause other than mitral prolapse, 25 had 
aortic insufficiency (including 5 who also had aortic stenosis), 
15 had chronic hypertension and left ventricular hypertrophy 
and 8 had primary disease of the aorta. 

Measurements: With use of the two dimensional long axis 
view, diastolic internal ascending aortic dimensions were 
measured at the level of the aortic valve and above the sinus 
of Valsalva; anteroposterior diastolic internal descending 
aortic dimensions were measured from the recording of the 
descending aorta behind the A-V groove. The record was 
damped to the point at which the pericardium became a single 
line in order to appreciate the true descending aortic lumen. 
All measurements were normalized for body surface area and 
reported as mean + 1 standard deviation. 

Statistical analysis was performed using Student’s t 
test. 


Results 


In all 12 patients in Group I the descending aorta was 
recognized during simultaneous M mode and two di- 
mensional echocardiographic study. The aorta was 
identified by contrast injection in six patients (Fig. 1) 
and during catheter manipulation and withdrawal in six 
patients (Fig. 2). 

M mode echocardiographic findings: The de- 
scending thoracic aorta usually appeared as an echo-free 
space behind the left atrium, A-V groove, or left ven- 
tricular posterior wall (Fig. 3). This pattern was typi- 
cally recorded only during maximal or near maximal 
decrease in far gain. However, occasional atypical 
findings occurred in patients in whom this posterior 
echo-free space was recorded with normal far gain and 
damping settings. The appearance of an additional 
posterior echo-free space occasionally led to an erro- 


neous identification of structures and a diagnosis of 


mitral anular calcification or posterior pericardial 
effusion (Fig. 4) or left atrial enlargement. Conversely, 
a dilated descending aorta occasionally caused left atrial 
compression. 

Two dimensional echocardiographic findings: In 
the long axis view the descending thoracic aorta usually 


appeared as a pulsatile echo-free space in the posterior 
A-V groove (Fig. 1 and 2). Systolic pulsations were only 
seen with proper record damping. 

In the transverse views the course of the descending 
thoracic aorta could be followed (Fig. 5). At the level of 
the left ventricular apex below the papillary muscles, 
the descending thoracic aorta was not seen normally. 
At the level of the tips of the mitral leaflets or of the 
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FIGURE 1. Top panels, still frames of a two dimensional echocardio- 
graphic study of the descending thoracic aorta (Desc. Ao). The long axis 
view was recorded before and after injection of saline solution; each 
frame is accompanied by a labeled idealized diagram. The descending 
aorta appears as a circular echo-free space posterior to the atrioven- 
tricular groove. After saline injection, this echo-free space is obliterated 
by the contrast effect. Bottom panel, same patient. M mode echocar- 
diographic study of the descending thoracic aorta recorded simulta- 
neously with the two dimensional echocardiogram of Panel A. An 
echo-free space appears behind the left ventricular posterior wall (LPW). 
After contrast injection (open arrow), a cloud of echoes is recorded 
within this echo-free space. A — anterior; Ao — aorta; ECG - elec- 
trocardiogram; IVS = interventricular septum; Inject = injection of 
contrast medium; LA = left atrium; LV = left ventricle; MV = mitral 
valve; P = posterior; RV = right ventricle. 
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FIGURE 2. Still frames of a two dimensional echocardiographic study 
of the descending thoracic aorta. The long axis view was recorded 
before and after withdrawal of the descending aortic catheter. The 
catheter (C.) is identified as a blob of echoes within the descending aorta 
before withdrawal. Abbreviations as in Figure 1. 


papillary muscle, the descending aorta first appeared 
as a circular or oval echo-free space. At the level of the 
mitral leaflets, the aorta was located directly behind the 
left ventricle. At the level of the left atrium, the de- 
scending aorta was seen lateral to and behind the left 
atrium. At the level of the pulmonary arterial bifurca- 
tion, the descending thoracic aorta appeared directly 
posterior to the bifurcation. 
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In normal persons in the long axis view, the de- 
scending aorta was seen in the posterior A-V groove. By 
contrast, in patients with left atrial enlargement, it was 
displaced 1 to 4 cm superior to the A-V groove and was 
visualized behind the left atrium. In patients with left 
ventricular hypertrophy, it was occasionally displaced 
inferiorly and visualized behind the left ventricular 
posterior wall. 

Aortic measurements (Table D): In normal persons, 
the ascending aortic lumen during diastole measured 
27 + 4.5 mm (16 + 1.8 mm/m?) at the level of the aortic 
valve and 22 + 4.0 mm (13 + 1.4 mm/m?) above the 
sinus of Valsalva. The descending aortic lumen during 
diastole measured 17 + 3.3 mm (10 + 1.4 mm/m?). 

In patients with abnormai aortic measurements, the 
descending aorta was larger than normal in patients 
with coronary artery disease, hypertension and aortic 
valve disease. The ascending aorta was statistically 
larger than normal in patients with mitral valve pro- 
lapse and aortic valve disease. 

Nine patients had primary disease of the aorta: one 
had a hypoplastic descending aorta (Fig. 6), two had an 
aneurysm of only the ascending aorta (Fig. 7), one had 
an aneurysm of both the ascending and the descending 
aorta, four had an aneurysm of only the descending 
thoracic aorta (Fig. 8), and two had aneurysms of the 
abdominal aorta without involvement of the thoracic 
aorta. The findings in the patients with aortic aneu- 
rysms were confirmed with aortography. In the patient 
with a hypoplastic aorta, the ascending aortic mea- 
surements were normal, but the descending aortic 
measurement was 2 standard deviations smaller than 
normal. These findings were confirmed at surgery and 
necropsy. In patients with aortic aneurysm (Table II) 
the involved segment was at least 2 standard deviations 
larger than normal or larger than the aortic measure- 
ments in patients with other forms of cardiac disease; 
the uninvolved segments were within normal limits. 


Two Dimensional Measurements of Ascending and Descending Aorta 


Clinical Patients Age 
Diagnosis (no.) (yr) 
Normal 26 32 + 20 
Coronary artery 12 63 + 11 
disease 
Mitral insufficiency 10 51+ 20 
without prolapse 
Mitral insufficiency 10 39 + 19 
secondary to prolapse 
Hypertension and 15 49+ 18 
ventricular 
hypertrophy 
Aortic valve 25 46 + 16 
disease 


* Statistically larger than normal. 


Ascending Aorta (mm/m?) Descending 
At Aortic Above Sinus Aorta 
Valve of Valsalva (mm/m?) 
16+ 1.8 13 + 1.4 10 + 1.4 
(10-19) (2-17) (8-16) 
16 + 2.1 14+ 2.9 11. $7" 
(13-20) (10-20) (9-14) 
16+ 1.8 13 + 1.4 10 £ 2.2 
(14-19) (10-14) (7-14) 
18+ 2.5 15 220" 10+ 1.4 
(14-22) (13-18) (9-13) 
16+ 3.2 14+ 2.5 11+ 1.4* 
(11-23) (9-18) (9-13) 
19 + 4.4 17 = 3.7" Tte t 2.6" 
(11-23) (9-24) (8-16) 


Data are presented as mean + 1 standard deviation with ranges in parentheses. 
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FIGURE 3. Typical M mode echocardiographic sweep from the body of the left ventricle up to the aorta (Ao). The descending aorta (Desc Ao) appears 
as an echo-free space behind the atrioventricular junction, the transition point from the left atrial posterior wall (LAPW) to the left ventricular posterior 
wall (LVPW). Unidentified abbreviations as in Figure 1. 





FIGURE 4. Echocardiograms of a patient whose descending thoracic aorta was 
displaced inferiorly behind the left ventricular posterior wall (LPW). Top, M mode study 
was variously interpreted as showing a small posterior pericardial effusion or mitral 
anular calcification. Left, the two dimensional study indicated that this posterior 
echo-free space represented the descending thoracic aorta (Desc. Ao). Unidentified 
abbreviations as in Figure 1. 
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FIGURE 5. Left, schematic diagram of transducer angulations that permit study 
of the descending thoracic aorta. Position 1 corresponds to the standard long 
axis view shown in Figures 2 and 4. Positions 2 through 5 correspond to the 
series of transverse views shown at bottom. In the latter panels, transverse 
views of the descending thoracic aorta are recorded as the two dimensional 
echocardiographic beam passes through (in sequence from left to right) the 
left ventricle at the level of the papillary muscles (position 2), the left ventricle 
at the level of the mitral valve (position 3), the aorta and the left atrium (position 
4) and the aorta and the pulmonary artery (position 5). The descending aorta 
(Desc Ao) first appears as the transducer beam passes through the papillary 
muscles (PM) or the tips of the mitral valve (MV); the descending aorta appears 
as a circular or oval echo-free space posterior (P) and to the right (R) of the 
left ventricle (LV). If the heart is more vertical the aorta appears as a circle; 
if the heart is more horizontal the aorta appears as an oval. At the level of the 
mitral valve (position 3), the descending aorta lies directly behind the left 
ventricle. At the level of the aorta (Ao) and left atrium (LA), it appears to the 
left and posterior to the left atrium. At the level of the aorta and pulmonary 
arterial (PA) bifurcation, it is posterior to the pulmonary arterial bifurcation. 
Asc. Ao. — ascending aorta; L — left; LPA — left pulmonary artery; MPA — main 
pulmonary artery; R = right; RPA = right pulmonary artery; other abbreviations 
as in Figure 1. 


Desc Ao 


Desc Ao 


Discussion 

In vivo echocardiographic identification of intra- 
cardiac structures is aided by intravascular contrast 
injection and detection of intravascular catheters. Rapid 
intravascular injection of indocyanine green or saline 
solution produces a cloud of echoes; a combination of 
factors including differential acoustical impedance, 
microcavitation and turbulence account for the echo- 
cardiographic contrast effect. The contrast is seen 
downstream as well as at the injection site. This tech- 
nique may be used to identify structures seen with M 
mode‘ and two-dimensional echocardiography,” to de- 
tect and localize right to left and left to right shunts and 
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to document tricuspid insufficiency.® Similarly, pul- 
monary arterial catheters and transvenous pacemakers’ 
have been recognized in the right ventricle, right ven- 
tricular outflow tract and pulmonary artery; and the 
itraaortic balloon has been detected echocardiogra- 
phically.5 Using both of these techniques, we have 
identified the descending aorta as it crosses the poste- 
rior A-V groove. On M mode echocardiographic exam- 
ination the descending aorta may appear as an addi- 
tional echo-free space behind the left atrium. On two 
dimensional study, its course may be followed from the 
level of the bifurcation of the pulmonary artery to below 
the left ventricle. Additionally, the abdominal aorta may 
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FIGURE 6. Two dimensional echocardiographic study of a patient with 
a hypoplastic descending thoracic aorta (Desc Ao) proved at surgery 
and necropsy. The single frame of the long axis view is accompanied 
by a labeled idealized diagram. The descending aorta is positioned 
normally in the posterior atrioventricular groove but measures only 5 
mm/m*?. AML = anterior mitral leaflet; Asc. Ao = ascending aorta; PML 
— posterior mitral leaflet; other abbreviations as in Figure 1. 





FIGURE 8. Two dimensional echocardiographic study of a patient with 
an angiographically proved type Ill dissection of the thoracic aorta. The 
single frame of the long axis view is accompanied by a labeled idealized 
diagram. The ascending aorta (Ao) is normal in size. The descending 
aorta (Desc Ao) is enlarged, and an intimal flap (white arrow) separates 
the true from the false lumen. Abbreviations as in Figure 1. 
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FIGURE 7. Two dimensional echocardiographic study of a patient with 
an angiographically proved aneurysm of the ascending thoracic aorta. 
The single frame of the long axis view is accompanied by a labeled 
idealized diagram. The ascending aorta (Asc. Ao.) is markedly dilated 
(39 mm/m?); the descending thoracic aorta (Desc Ao) is normal (11 
mm/m*?). Abbreviations as in Figure 1. 


be studied using standard abdominal ultrasonic tech- 
niques. The superior aortic arch may be studied by the 
suprasternal notch echocardiographic window. 
Differentiation of descending aorta from other 
posterior cardiac structures: Until now, it was usually 
thought that the descending aorta could not be recog- 
nized in either the standard M mode echocardiographic 
sweep or the two dimensional echocardiographic long 
axis view. At normal gain levels needed to identify the 
endocardium, the pericardial echoes are usually so 
strong that the descending aorta is obscured. The M 
mode echocardiographic study of posterior cardiac 
structures is particularly difficult. Numerous studies 
discuss pitfalls in the diagnosis of pericardial effusion,’ 
difficulty in differentiation of a pericardial from a 
pleural effusion, and errors in measurement of left atrial 
size.!° Our studies show that the descending aorta can 
be seen on M mode echocardiography as a linear echo- 
free space behind the left atrium. In retrospect, this 
structure can be visualized in many patients. Because 
it is usually assumed that the descending aorta is not 
recorded during routine M mode study, the presence of 
another posterior echo-free structure may cause con- 
fusion in structure identification, leading to the erro- 
neous diagnosis of pericardial effusion, mitral anular 
calcification or left atrial enlargement. A double line in 
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TABLE Il 


Two Dimensional Echocardiographic Measurements of the 
Ascending and Descending Aorta in Eight Patients With an 
Aortic Aneurysm 


Ascending Aorta (mm/m?)  pescendin g 


Case Site of At Aortic Above Sinus Aorta 
no. Aneurysm Valve of Valsalva (mm/m?) 
1 Abdominal 17 15 12 
2 Abdominal 15 13 10 
3 Descending 24 21 34 
thoracic 

4 Descending 20 19 22 
thoracic 

5 Descending — — 36 
thoracic * 

6 Descending 18 16 18 
thoracic 

7 Ascending 22 39 11 
thoracic 

8 Ascending 19 29 11 
thoracic 


* In patient 5, the heart was displaced to the right so that the as- 
cending aorta was not recordable. 


the region of the left atrial posterior wall is a common 
finding. It has been stated that the anterior line is either 
an artifact or an intraatrial reflection.!! In reality, the 
anterior line represents the true left atrial posterior wall 
(or its interface with the descending aorta), and the 
space behind it represents the descending aorta. 

Two dimensional versus M mode echocardiog- 
raphy: Two dimensional echocardiography is better 
suited to the study of the posterior cardiac structures. 
The spatial interrelations and relative positions of these 
structures can be readily identified. In the long axis view 
the left atrium is circular, the pericardium is a linear 
structure that usually bridges the A-V junction and the 
aorta is a circular pulsatile echo-free space behind the 
pericardium. (Others have suggested, but never proved, 
that this echo-free space is the coronary sinus? or pul- 
monary vein?). Similarly, the course of the aorta can be 


mapped using the transverse views. Because it is easier 
to recognize the descending aorta with two dimensional 
echocardiography, this technique is invaluable in the 
interpretation of unusual M mode echocardiographic 
patterns of posterior cardiac structures. 

Normal aortic measurements: We have attempted 
to establish normal values for the size of the descending 
aorta. In normal persons the diastolic diameter of the 
lumen of this segment of the descending aorta measures 
10 + 1.4 mm/m2. This compares with ascending aortic 
luminal diameters of 16 + 1.8 mm/m? at the level of the 
aortic valve and 13 + 1.4 mm/m? above the level of sinus 
of Valsalva. In our patients with mitral insufficiency 
exclusive of mitral valve prolapse (cardiomyopathy, flail 
leaflet, pure rheumatic mitral disease or endocarditis), 
aortic measurements were similar to those of the 
younger patients in our contro! group. Because the older 
patients had no cause for aortic disease, their aortic 
measurements substantiate our view that the values of 
the control population were normal. 

Abnormal aortic measurements: Patients with 
coronary artery disease, chronic hypertension or aortic 
valve disease with aortic insufficiency also had an en- 
larged descending aorta; although the mean enlarge- 
ment was small, individual variations were significant. 
The pattern of enlargement of the ascending aorta 
varied in each of these patient populations. 

Lastly, we also studied a small group of patients with 
intrinsic aortic disease. In one patient with a hypoplastic 
aorta, the aorta was 2 standard deviations smaller than 
normal. In six patients with a thoracic aortic aneurysm, 
the involved segment was larger than that seen in any 
patient with other forms of cardiovascular disease. In 
two patients with an abdominal aortic aneurysm, the 
thoracic aortic measurements were normal. These data 
suggest that two dimensional echocardiography is a 
useful technique for studying the entire aorta and de- 
tecting localized or diffuse aortic aneurysms. This 
technique should also allow the clinician to follow up 
patients with aneurysm of the aorta and to document 
changes in size that might be useful clinically. 
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Left axis deviation occurring with complete left bundle branch block 
may represent divisional left anterior hemiblock in addition to predivisional 
left bundle branch block. To study this possibility the electrocardiograms 
of 84 patients with left bundle branch block, in whom previous electro- 
cardiograms were available, were reviewed. There were 49 patients with 
left bundle branch block and left axis deviation (greater than —30° ) (group 
A) and 35 patients with left bundle branch block and normal frontal axis 
(group B). The mean age, QRS interval and time interval between the first 
and the qualifying electrocardiogram were similar in both groups. The 
male/female ratio was significantly different (P «0.05) and was 26:23 
in group A and 9:26 in group B. In group A 24 of 49 patients had a prior 
electrocardiogram without bundle branch block; in 10 of 24 the pattern 
indicated hemiblock. Among patients in group B 25 of 35 had a previous 
electrocardiogram without bundle branch block; a hemiblock pattern was 
present in only 3 of the 25 (P «0.05). Seven of 49 patients in group A had 
a previous electrocardiogram showing left bundle branch block alone 
whereas 9 of 35 patients in group B had a previous pattern of left bundle 
branch block. In these seven patients in group A left axis deviation sub- 
sequently developed but did not occur in the nine patients in group B. It 
is concluded that the majority of patients with a left bundle branch block 
pattern and left axis deviation have left anterior hemiblock separately 
(either before or after the appearance of left bundle branch block). 


The concept of a bifascicular left bundle!” has been questioned in recent 
anatomic?-? and electrophysiologic? studies. The problem is magnified 
by the difficulty in defining divisional block in the presence of left bundle 
branch block. This study reviews the electrocardiograms of 84 patients 
with complete left bundle branch block whose previous electrocardio- 
grams were available. The latter tracings were reviewed to determine 
how frequently true divisional block! precedes the development of left 
bundle branch block. 


Methods 


Patients: The electrocardiographic records of 84 patients with left bundle 
branch block were studied. Previous electrocardiograms were available in all 
patients and were recorded 2 to 8 years before the qualifying electrocardiogram 
showing left bundle branch block (mean 56.6 + 20.3 months). 

The diagnosis of left bundle branch block was based on New York Heart 
Association criteria? and included: (1) a QRS duration of 0.12 sec or more; (2) 
S-T depression and T wave inversion in level Vg; and (3) a broad monophasic 
R wave in level Vg. Patients with evidence of inferior and lateral myocardial 
infarction were excluded. There were 35 men and 49 women with a mean age of 
13.8 + 9.9 years. 

The total group was then subdivided into two groups depending on the mean 
frontal plane axis of the qualifying electrocardiogram. Group A comprised 49 
patients who had left bundle branch block with left axis deviation (frontal QRS 
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axis greater than —30°). Group B comprised 35 patients who 
had left bundle branch block with a normal frontal plane axis. 
In addition to examining axis in the qualifying electrocardi- 
ogram with left bundle branch block, the previous electro- 
cardiogram was also carefully reviewed for the presence of 
bundle branch block or hemiblock. 

Criteria for left anterior hemiblock: Left anterior 
hemiblock was defined by New York Heart Association cri- 
teria? which included: (1) a QRS axis greater than 30° but not 
more than 90? in the frontal plane; (2) the presence of a small 
Q and tall R wave in lead I; and (3) a small R wave and deep 
S wave in lead III. 

The diagnosis of left posterior hemiblock was made on the 
basis of the following criteria: (1) A frontal plane QRS axis 
greater than +110°; (2) a small R wave and deep S wave in lead 
I; and (3) the presence of a small Q wave with tall R waves in 
lead III. 

The qualifying electrocardiogram shown at left in Figure 
1 reveals atrial fibrillation and evidence of complete left 
bundle branch block with left axis deviation. The tracing from 
the same patient 3 years earlier (right panel) reveals atrial 
fibrillation but no evidence of bundle branch block or hemi- 
block. 


Results 


There were 49 patients with left bundle branch block 
and left axis deviation (group A) and 35 patients with 
left bundle branch block and normal frontal plane axis 
(group B). The mean age of the patients was 74.8 + 7.7 
years in group A and 72.5 + 12.3 years in group B. The 
mean QRS duration was similar in both groups and was 
0.127 + 0.013 second in group A and 0.125 + 0.012 sec- 
ond in group B. The ratio of men to women was signif- 
icantly different (P <0.05) and was 26:23 in group A and 
9:26 in group B. The mean time interval between the 
first and qualifying electrocardiogram was not signifi- 
cantly different in the two groups (53.4 + 22.1 months 
in group A and 59.7 + 23.1 months in group B). 





| 
ECET CELLELL EE 


LEG D | - 


Twenty-four of the 49 patients in group A had a prior 
electrocardiogram without bundle branch block; 10 of 
these 24 electrocardiograms without bundle branch 
block showed a hemiblock pattern (left anterior hemi- 
block in 9 and left posterior hemiblock in 1). Twenty- 
five of the 35 patients in group B had previous electro- 
cardiograms without bundle branch block; only 3 of 
these 25 electrocardiograms showed a hemiblock pat- 
tern (left anterior hemiblock in all 3). The difference 
between the two groups in number of cases with hemi- 
block before bundle branch block was statistically sig- 
nificant (P «0.05). 

Seven of the 49 patients in group A had a previous 
electrocardiogram showing left bundle branch block 
alone, whereas 9 of the 35 patients in group B had left 
bundle branch block previously. These seven patients 
in group A had left axis deviation subsequently, whereas 
the nine patients in group B did not. One of the patients 
in group B initially had a pattern of left bundle branch 
block and left axis deviation, but later had no evidence 
of left axis deviation. 


Discussion 


Structure of the left bundle and the genesis of 
hemiblock patterns: The left bundle branch has been 
described as a bifascicular structure.!? Although gross 
visualization of the conduction system in man is diffi- 
cult, studies by Uhley and Rivkin!! did show two fasc- 
icles. However, gross description may not be a reliable 
technique, because inconspicuous fibers may be over- 
looked.!? An inferior network of these fibers has been 
noted by investigators using histologic techniques.7.1? 
These observations of a “fan” of interconnecting fibers 
are thought to disprove the bifascicular concept. These 
two concepts may not be mutually exclusive, because 
the left bundle branch may be thought of as a “fan”- 
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FIGURE 1. Standard 12 lead electrocardiograms. Left, tracing revealing atrial fibrillation in addition to complete left bundle branch block with left axis 
deviation. Right, record from the same patient, recorded 3 years earlier, reveals atrial fibrillation but no evidence of bundle branch block or hemi- 


block. 
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shaped network of interwoven fibers with border fibers 
having special characteristics for rapid distant trans- 
port.!? 

Massing and James!‘ suggest that the hemiblock 
patterns can be explained without a rigid anatomic 
framework. They believe that the underlying cause of 
left axis deviation may be the relative delay of activation 
of the anterior left ventricular myocardium with respect 
to posterior left ventricular activation. They cite as 
examples that left axis deviation can be produced ex- 
perimentally in dogs by electrically stimulating the 
posterior basal left ventricular endocardium a few msec 
before the arrival of each supraventricular impulse at 
the endocardial site. In addition, they indicate that left 
axis deviation in ostium primum atrial septal defects 
may be due both to early posterior left ventricular ac- 
tivation and to delayed anterior left ventricular acti- 
vation. These investigators carefully examined histo- 
logic sections and found no discrete anterior or posterior 
divisions. Rather, they describe the left bundle as a 
broad thin band with irregular separations between 
multiple fiber groups. More recently, Narula! has 
questioned the use of the term fascicular block. He 
suggests that the pattern of left bundle branch block 
and left axis deviation does not always imply two sites 
of lesions in the left bundle. Such an electrocardio- 
graphic pattern may result from abnormalities from 
within the bundle of His alone, the bundle of His and 
fibers in the left bundle destined for the anterior left 
ventricular wall, or the left bundle branch alone. Clin- 
ically, electrocardiographic patterns of bundle branch 
block are generally attributed to anatomic lesions. 
Narula suggests that conduction within the His bundle 
due to either an altered refractoriness or a discrete le- 
sion within the His bundle may also result in similar 
electrocardiographic patterns of partial or complete left 
bundle branch block. 

Left bundle branch block and underlying cardiac 
disease: An attempt has been made to evaluate left 
bundle branch block and its relation to type and severity 
of cardiac disease.!© Specifically, some investigators 
have evaluated patients with left bundle branch block 
with a normal axis to determine if their degree of heart 
disease was different from those with left axis deviation. 
Haft et al.!? noted a slightly greater incidence of coro- 
nary artery disease in patients with a normal axis than 
in those with marked left axis deviation, but this was not 
statistically significant. They concluded that left axis 
deviation in addition to left bundle branch block did not 
- imply greater disease or more frequent coronary artery 
disease. Beach et al.!? also reported a greater incidence 
of heart disease in patients with left bundle branch 
block and left axis deviation compared with those with 
a normal axis. They based their conclusions on a study 
that initially involved 10 patients with left bundle 
branch block who had coronary angiography. These 10 
patients all had a normal frontal plane axis and none 
had evidence of significant coronary artery disease. 
'They compared this group with 17 patients with left 
bundle branch block who were evaluated only from 
hospital records. These 17 patients had a greater inci- 
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dence of *obvious heart disease" and the group included 
more patients with left axis deviation. The authors 
concluded that patients with left bundle branch block 
and left axis deviation do have more heart disease than 
those with left axis deviation alone. Unfortunately, the 
nature of the heart disease was not more clearly defined. 
The most recent study by Dhingra et al.!? concluded 
that among patients with left bundle branch block, 
those with left axis deviation have a greater incidence 
of myocardial dysfunction, more advanced conduction 
disease and a greater cardiovascular mortality than 
those with a normal axis. If these patients with left 
bundle branch block and left axis deviation do have a 
greater incidence of coronary heart disease as the 
underlying cause, this may explain difference in the 
male/female ratio in our two groups. There was a greater 
proportion of men than women among patients with left 
bundle branch block and left axis deviation, a propor- 
tion that might parallel the incidence of coronary heart 
disease. 

Lev et al.?? studied pathologically eight hearts with 
left bundle branch block. Left axis deviation was 
present in six and the axis was normal in two. They 
found no difference in the lesions of the left bundle 
between these two groups. All hearts showed marked 
involvement of the main left bundle with the region 
affected confined to the junction point between the 
bundle of His and the main left bundle. 

Louis et al.?^! suggested a developmental abnormality 
of the coronary artery as a cause of left bundle branch 
block. They performed coronary angiography in a group 
of patients with left bundle branch block and found that 
this electrocardiographic abnormality was associated 
with a short left main coronary artery. Their patients 
did have coronary heart disease and all had a normal 
frontal plane axis. Because of this normal frontal plane 
axis, they were not able to make any statement con- 
cerning the severity of disease in relation to the frontal 
plane axis. Their findings concerning the coronary 
anatomy were not substantiated by DeMots et al.,?? who 
concluded that there was no relation between coronary 
anatomy and the presence of left bundle branch 
block. 

Spurrel et al.?? recorded His bundle electrograms and 
found that the H-V interval in patients with left bundle 
branch block and left axis deviation was long, although 
it was normal in patients with left bundle branch block 
and a normal axis. They concluded that the pattern of 
left bundle branch block and left axis deviation and a 
long H-V interval indicates additional disease in the 
right bundle. Therefore, the conduction disturbance 
may be more widespread than is apparent from the 
electrocardiogram, since the right bundle is also in- 
volved. 

Divisional versus predivisional block of the left 
bundle: Rosenbaum! has classified left bundle branch 
block into predivisional and divisional types. Block in 
both the anterior and posterior divisions is divisional 
block. Conduction block in the main stem is referred to 
as predivisional block. There can also be the combina- 
tion of predivisional left bundle branch block in either 
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of the divisions; that is, there can be a combination of 
predivisional left bundle branch block with left anterior 
hemiblock or predivisional left bundle branch block 
with left posterior hemiblock. According to Rosenbaum 
there is no electrocardiographic way to differentiate 
between simple predivisional and divisional block. 
However, predivisiona! block plus left anterior hemi- 
block may appear as left bundle branch block and left 
axis deviation. Pryor and Blount!” stated that if an 
electrocardiogram with left bundle branch block shows 
left axis deviation, additional superior intraventricular 
block is suggested. They cited an example of a patient 
with left bundle branch block and left axis deviation in 
whom 2 1/2 years later the left bundle branch block 
disappeared and left axis deviation remained. DePas- 
quale and Bruno” reported on three patients with a 
pattern of left bundle branch block and left axis de- 
viation whose tracing revealed a return to normal con- 
duction with a normal axis within 12 hours. They con- 
cluded that left axis deviation in patients with left 
bundle branch block is not reliable evidence of block 


within the anterior fascicle of the left bundle, in addition 
to block of the left main bundle. 

Vera et al.?? described a case of left bundle branch 
block with several episodes of intermittent right axis 
deviation. They considered the possibility that this 
pattern was caused by an equal degree of block in both 
fascicles of the left bundle with an intermittent increase 
in the degree of block in one fascicle but concluded that 
it was most likely due to the coexistence of left posterior 
hemiblock and predivisional left bundle branch 
block. 

Implications: Our study shows that in the majority 
of instances the hemiblock pattern predated the pattern 
of left bundle branch block or appeared subsequently. 
There was a statistically significant increase in the in- 
cidence of a hemiblock pattern preceding a bundle 
branch block pattern in those who ultimately had a 
pattern of left bundle branch block and left axis de- 
viation. Whether this hemiblock pattern is related to 
an anatomic defect or can be explained by a functional 
abnormality of conduction is still not clear. 
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The charts were reviewed of more than 200 patients discharged from the 
hospital between 1972 and 1977 with a diagnosis implying abnormal 
calcium metabolism. When all other variables known to affect the Q-T 
interval were eliminated, serum calcium concentrations on 65 occasions 
in 39 patients were found to correlate significantly (P <0.001 or better) 
with the following electrocardiographic intervals: Q-aT, (beginning of QRS 
complex to apex of T wave), Q-oT, (beginning of QRS complex to onset 
of T wave) and Q-T, (beginning of QRS complex to end of T wave). Of 
these, the Q-aT, interval was the more easily and precisely measured at 
elevated calcium levels and exhibited the strongest correlation (P < 
0.0001) over the range of calcium levels measured. The relation was linear 
and could be used to estimate serum calcium levels from measured Q-aT, 
intervals. For a Q-aT, interval of 0.29 second or less (range 0.23 to 0.29) 
the serum calcium was estimated to +1.9 mg/dl with 95 percent confi- 
dence. For a Q-aT, interval of 0.27 second or less, the correspondence 
with hypercalcemia in the study series was 90 percent or better. When 
all other factors known to affect the Q-T interval are ruled out, the short- 
ening of the Q-aT, interval appears to be a useful clinical indicator of 
hypercalcemia. 


The duration of electrical systole and rate of ventricular repolarization 
are reflected in the Q-oT, Q-aT and Q-T intervals, which are measured 
from the beginning of the QRS complex to the onset (0), apex (a) and 
end of the T wave, respectively, using the lead with the largest mono- 
phasic T wave (Fig. 1). Many factors influence the Q-T interval, including 
sex, age, heart condition (heart rate, presence of congestive heart failure, 
myocardial ischemia), medications (digitalis, quinidine, procainamide, 
phenothiazines), and the serum concentrations of potassium, calcium 
and hydrogen.! 

The relation between the serum calcium concentration and the elec- 
trocardiogram was first described in 1922 by Carter and Andrus,” who 
observed prolongation of the Q-T interval in patients with hypocalcemic 
tetany. Other investigators?-? subsequently confirmed this observation,” 
demonstrated shortening of the Q-T interval in hypercalcemia*^ and 
called attention to the S- T segment (measured from the end of the S 
deflection to the onset of the T wave) as the segment most directly af- 
fected by serum calcium.9-? Yu!? plotted the Q- T interval and S- T seg- 
ment durations as functions of calcium in 1952 and observed cases of 
hypercalcemia in which the Q-T, interval was not shortened despite S-T 
segment shortening. Others!! discovered cases of parathyroid adenoma 
when the origin of an abnormally short Q-T. interval was investi- 
gated. 

In 1955 normal limits for the Q-aT interval were published, but this 
new interval was not related to serum calcium!? until 1959, when Beck 
and Marriott!? suggested that because the onset (0) and end of the T 
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FIGURE 1. Method of measuring the Q-oT, Q-aT, Q-T and R-R intervals 
of the electrocardiogram. 


wave were difficult to determine in cases of hypercal- 
cemia, the Q-aT interval measured to the apex of the T 
wave might better reflect the serum calcium level than 
the harder to measure Q-oT and Q-T intervals. Never- 
theless, use of the Q-T. interval to diagnose hypercal- 
cemia prevailed.!^ In 1961 Bronsky et al.!°-!” analyzed 
114 electrocardiograms from 57 patients with various 
diagnoses (other factors affecting the Q- T interval were 
not controlled) and concluded that the principal effect 
of serum calcium on the electrocardiogram is on the S-T 
segment, the S- T segment is difficult to measure and the 
Q-oT. interval correlates better with serum calcium 
than the Q-T, interval. They did not evaluate the cor- 
relation between calcium and the Q-aT. interval. This 
conclusion was subsequently supported by Colletti et 
al.,!? who found that the Q-oT,, not the Q- T,, interval 
allowed rapid reliable screening of neonates for hypo- 
calcemia. 

At this juncture, although most investigators have 
used the Q-T. interval for correlation of the serum cal- 
cium level, there is ample evidence to suggest that the 
Q-aTT, and Q-oT, intervals correlate as well or better.!? 
However, we have not been able to locate studies in 
which this hypothesis is tested using data that eliminate 
all other factors (except those related to calcium me- 
tabolism) influencing the Q- T interval. In this study we 
attempted to identify a patient population with ab- 
normal serum calcium concentrations but free of all 
other known factors that influence the Q-T interval, to 
evaluate and compare the correlations between serum 
calcium levels and the respective electrocardiographic 
intervals; and to evaluate their relative diagnostic 
value. 


Methods 


Case selection: We reviewed the charts of more than 200 
patients discharged from the Beth Israel Hospital between 
1972 and 1977 with a primary or secondary diagnosis implying 
abnormal calcium metabolism. 'The diagnoses included hy- 
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percalcemia, hypocalcemia, hyperparathyroidism, hypo- 
parathyroidism, parathyroid neoplasm-benign, and para- 
thyroid neoplasm-malignant. Patients with objective evidence 
of any heart disease and patients receiving digitalis, quinidine, 
procainamide, phenothiazines or phenytoin were excluded. 

Data collection. A data set was defined as (1) a 12 lead 
electrocardiogram, (2) values for serum sodium, potassium, 
bicarbonate, chloride, blood urea nitrogen and glucose con- 
centrations, and (3) values for serum calcium concentration, 
all obtained within 24 hours of each other. All charts con- 
taining one or more data sets were extracted and recorded with 
the patient’s name, age, sex and the primary diagnosis related 
to calcium metabolism. No more than five data sets from any 
one patient were used. 

To be included in the study, each data set had to meet the 
following requirements: (1) The electrocardiogram was a full 
12 lead tracing with no diagnostic abnormalities except for 
possibly abnormal Q-oT, Q-aT or Q-T intervals. For example, 
patients with atrioventricular (A-V) block, left ventricular 
hypertrophy, atrial fibrillation, or ischemic changes were 
excluded. (2) Serum sodium, potassium, chloride and bicar- 
bonate concentrations were within the accepted limits of 
normal (sodium = 135 to 148, potassium = 3.5 to 5.0, chloride 
= 98 to 108, bicarbonate = 21 to 31 mEq/liter). Blood urea 
nitrogen and glucose concentrations were recorded when the 
data were available, but patients were not excluded if these 
data were absent or abnormal. (3) Data sets associated with 
documented abnormal albumin levels (normal range 3.4 to 5.5 
g/dl) were excluded. If the serum albumin had not been 
measured, then patients were included provided there was no 
history of edema, nephrosis or cirrhosis. (4) Serum calcium 
levels were determined using the usual SMA technique 
(normal range 9.0 to 11.0 mg/dl with a precision, as estimated 
by the coefficient of variation, of 42.6 percent). 

The Q-oT, Q-aT, and Q-T intervals of the electrocardio- 
gram were measured and corrected for heart rate by dividing 
the measured interval (in seconds) by the square root of the 
R-R interval of the preceding or following beat (for example, 
Q- T. = Q-T/V R-R).? Sometimes it is difficult to locate ex- 
actly the onset of the QRS complex, the end of the T wave and 
especially the onset of the T wave.?'?? In this situation, the 
onset of the T wave was taken as the point in the S- T segment 
that was farthest from an imaginary line drawn from the RS-T 
junction to the apex of the T wave.!? 

Data analysis: The data base consisted of 65 data sets from 
thirty-nine patients. The serum sodium, potassium, chloride, 
bicarbonate, calcium, blood urea nitrogen and glucose con- 
centration values were examined for distribution type and 
outliers, and the central measures computed. The variables 
were correlated among themselves for all possible combina- 
tions taken two at a time. Statistically significant correlation 
was found only between calcium and the three electrocar- 
diographic intervals, and among sodium, chloride, and bi- 
carbonate. The correlations between calcium and electro- 
cardiographic intervals were further analyzed by plotting and 
determining the best curve fit for each correlation on the basis 
of the F statistic, the standard deviation from regression and 
the residual patterns. The data were separated by sex and 
subjected to the same analysis to detect sex differences if 
present. The three correlations were then ranked on the basis 
of the curve fit measures described above and their relative 
value as indicators of serum calcium levels compared by ap- 
propriate statistical techniques. 


Results 


Serum concentrations: The serum concentrations 
of sodium, potassium, chloride and bicarbonate were 
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normally distributed about a mean that fell within the 
clinically normal range, without outliers. The calcium 
levels were also normally distributed, but about an el- 
evated mean (11.6 + 1.7 compared with the normal 
range of 8.5 to 10.5 mg/dl) without outliers. The blood 
urea nitrogen and glucose distributions were signifi- 
cantly skewed, reflecting the presence of 10 patients 
with diabetes and renal disease. 

Correlation between calcium and electrocar- 
diographic intervals: Plots of serum calcium con- 
centration as a function of the Q-aT,, Q-oT., and Q-Te 
intervals are shown in Figure 2. For each of the three 
correlations, the data were least squares fitted to a 
straight line and, where indicated, tested for curvili- 
nearity. No significant curvilinearity was detected; 
hence, straight-line fits were accepted for all three 
correlations as the best representation of the data over 
the range. 

Comparing their respective goodness-of-fit measures 
(the F statistic, standard deviation [SD] and correlation 
coefficients [r]) accompanying Figure 2, we observe that 
a clear progression in the degree or strength of correla- 
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FIGURE 2. Serum calcium as a function of the Q-aT,, (upper left), 
Q-oT. (upper right) and Q-Tc (lower left) intervals with least squares 
fit. A, Q-aT, interval: calcium = 25.7 — 49.5 (Q-aT,); standard de- 
viation = +0.92; F statistic = 166.7, P «0.0001; r = —0.85. B, 
Q-oT, interval: calcium = 16.2 — 27.5 (Q-oT,); standard deviation 
= -- 1.4; F statistic = 33.6, P «0.0001; r= —0.59. C, Q-T, interval: 
calcium = 19.1 — 18.5 (Q-T,); standard deviation = 4- 1.6; F statistic 
= 13.8, P «0.001; r = —0.42. 


tion is indicated by all the measures, in the order: Q-aT; 
> Q-oT, > Q-T.. The F statistic for the Q-aT. correla- 
tion exceeds the F statistic of the other correlations by 
several factors, and a t test of correlation coefficients 
shows statistically significant differences between the 
Q-aT, and Q-oT, and Q-T, correlations at the P «0.005 
and P «0.001 levels, respectively, with no demonstrable 
differences between the Q-oT, and Q-T. correlations. 

Sex and age dependency: Separating the data sets 
by the patient's sex and repeating the foregoing analysis 
yielded no significant differences in any of the linear 
correlations. Age did not correlate significantly with any 
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of the intervals in either the pooled or sex-differentiated 


data sets. 


Discussion 


This study demonstrates that, in a population chosen 


so as to exclude all known causes of Q-T interval | 


shortening, shortening of the Q-oT, and Q-aT. intervals 
is strongly associated with hypercalcemia over the range 
studied, shortening of the Q- T, interval less so. Of the 
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TABLE | 


Predicted and Observed Frequencies for False Positive 
Diagnosis of Hypercalcemia at Each Q-aT, Interval 


Frequency of False Positive 





Q-aT. Diagnosis 

(sec) t Value P Value Predicted Observed | 
0.23 3.28 «0.0025 0.3/100 0/2 
0.24 2.80 «0.005 0.5/100 0/2 

0.25 2.31 «0.0125 1/100 0/1 

0.26 1.81 «0.025 3/100 0/10 
0.27 1.34 «0.10 10/100 2/10 
0.28 0.80 «0.25 25/100 1/13 
0.29 0.28 « 0.40 40/100 1/8 

P — probability. 


. two preferred correlations, the Q-aT. correlation is the 
stronger over the range. 

Differences in outcome between this and former 
studies can be attributed to differences in population, 
range and emphasis. Previous studies did not exclude 
patients with factors other X as calcium metabolic de- 
ficiencies that influence the Q- T interval. Earlier studies 
exhibited broader ranges in serum calcium concentra- 
ton (for example, from 6 to 24 mg/dl in the series 
studied by Bronsky et al.!»!6 compared with our range 
of 6 to 17). Compared with the Q- T. and Q-oT, inter- 

vals, the Q-a T, interval is more recent in origin; conse- 
quently its association with serum calcium levels has 
been less well studied. 

Estimation of serum calcium level from Q-aT. 
interval. If we accept the relation between calcium and 
the Q-aT, interval as providing the strongest correlation 
between serum calcium concentration and the electro- 
cardiogram, then we can estimate the serum calcium 
value to be expected at a specified Q-aT, interval with 
a specified confidence level from the equation calcium 
= 25.7 — 49.5 (Q-a T.) + CL, where CL is the 95 percent 
(1.9 to 2.0 over the range) or 99 percent (2.5 to 2.7 over 
the range) confidence limits computed in the usual 
way.2? 

We can evaluate the predictive capability of this 

relation by defining a value of calcium that corresponds 
to the absolute lower limit for hypercalcemia (calcium 
greater than 11.0 mg/dl), and back-calculating to the t 
value (which occurs as a factor in the expression for 
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confidence limits) that is associated with each Q-aT. 
interval. Results of this calculation are given in Table 
I together with the associated P values (we use one-tail 
P values because we are interested in the lower limits 
of hypercalcemia, calcium greater than 11.0 mg/dl; the 
upper limits are clearly hypercalcemic) and the pre- 
dicted and observed frequency of false positive diag- 
nosis of hypercalcemia. Table I indicates, for example, 
that the probability of making a false positive diagnosis 
of hypercalcemia in a patient with a Q-aT. interval of 
0.25 second (all other causes of Q-aT shortening being 
ruled out) is approximately 1 percent. The predicted 
and observed frequencies of false positive diagnosis are 
similar, but the sample size is too small for meaningful 
comparison. 

Comparison of Q-aT,, Q-oT, and Q-T. intervals 
in diagnosing hypercalcemia: A second way to utilize 
the calcium versus Q-aT. correlation as an estimator of 
hypercalcemia is to define an absolute lower limit for 
hypercalcemia (again calcium greater than 11.0 mg/dl) 
and a corresponding cutoff point for the Q-aT, interval 
(Q-a'T. interval 0.29 second or less) chosen so as to 
maximize the number of correct diagnoses and minimize 
alpha and beta error. Using these criteria we develop a 
diagnostic table,?^ compute a chi square statistic and 
compute the proportion of correct, false positive and 
false negative diagnoses of hypercalcemia. The same 
maneuver can be performed for both the Q- T. and 
Q-oT. intervals using the same criterion to select lower 
limit values of the Q- T, interval (0.39 second) and the 
Q-oT, interval (0.18 second) for the diagnosis of hy- 
percalcemia. 

Comparison of the resulting diagnostic tables and 
measures in Table II shows slight differences between 
the Q-a T. and Q-oT., correlations but considerable 
difference between them and the Q-T. correlation. 
Compared with the Q-oT, correlation, the Q-aT, cor- 
relation yields approximately the same number of total 
correct diagnoses, half as many false positive diagnoses 
and about the same number of false negative diagnoses. 
The Youden diagnostic indexes% (J ranges from 0 to 1; 
J = 0 indicates no diagnostic value whereas J = 1 means 
that a test is invariably correct) show a steady pro- 
gression in the order Q-aT, > Q-oT, > Q-T.. The re- 
spective sensitivities are 0.89, 0.91 and 0.55; tke corre- 
sponding specificities are 0.78, 0.56 and 0.78. 


TABLE Il 
The Relative Ability of Shortened Q-aT,, Q-oT, and Q-T, Intervals to Diagnose Hypercalcemia 
Q-aT, 
Ca 0.29 = 0.30 Ca 
Diagnosis (mg/dl) sec sec (mg/dl) 
>11.0 42 5 >11.0 
Sito 4 14 <11 
(P <0.0005) 
% Correct 86 (56/65) 
% False positive 6 (4/65) 
% False negative 8 (5/65) 
J (Youden index) 0.67 


Q-oT. Q-T. 
X 0.18 20.19 Ca <0.39 20.40 
sec sec (mg/dl) sec sec 
43 4 >11.0 26 21 
8 10 <11.0 4 14 
(P <0.0005) (0.01 < P< 0.025 
82 (53/65) 62 (40/65) 
12 (8/65) 6 (4/65) 
6 (4/65) 32 (21/65) 
0.33 0.47 


Ca = serum calcium concentration; P = probability (chi square analysis). 
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TABLE Ill 
Q-aT Intervals Corrected for R-R Interval (second) 
Q-aT 
R-R 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 
0.30 0.37 0.38 0.40 0.42 0.44 0.46 0.47 0.49 0.53 0.53 0.55 0.57 0.58 0.60 0.62 0.64 0.66 0.68 0.69 0.71 0.73 
0.34 0.34 0.36 0.38 0.39 0.41 0.43 0.45 0.46 0.50 0.50 0.51 0.53 0.55 0.57 0.58 0.60 0.62 0.63 0.65 0.67 0.69 
0.38 0.32 0.34 0.36 0.37 0.39 0.41 0.42 0.44 0.47 0.47 0.49 0.50 0.52 0.54 0.55 0.57 0.58 0.60 0.62 0.63 0.65 
0.42 0.31 0.32 0.34 0.35 0.37 0.39 0.40 0.42 0.45 0.45 0.46 0.48 0.49 0.51 0.52 0.54 0.56 0.57 0.59 0.60 0.62 
0.46 0.29 0.31 0.32 0.34 0.35 0.37 0.38 0.40 0.43 0.43 0.44 0.46 0.47 0.49 0.50 0.52 0.53 0.55 0.56 0.58 0.59 
0.50 0.28 0.30 0.31 0.33 0.34 0.35 0.37 0.38 0.41 0.41 0.42 0.44 0.45 0.47 0.48 0.49 0.51 0.52 0.54 0.55 0.57 
0.54 0.27 0.29 0.30 0.31 0.33 0.34 0.35 0.37 0.39 0.39 0.41 0.42 0.44 0.45 0.46 0.48 0.49 0.50 0.52 0.53 0.54 
0.58 0.26 0.28 0.29 0.30 0.32 0.33 0.34 0.35 0.38 0.38 0.39 0.41 0.42 0.43 0.45 0.46 0.47 0.49 0.50 0.51 0.53 
0.62 0.25 0.27 0.28 0.29 0.30 0.32 0.33 0.34 0.37 0.37 0.38 0.39 0.41 0.42 0.43 0.44 0.46 0.47 0.48 0.50 0.51 
0.66 0.25 0.26 0.27 0.28 0.30 0.31 0.32 0.33 0.36 0.36 0.37 0.38 0.39 0.41 0.42 0.43 0.44 0.46 0.47 0.48 0.49 
0.70 0.24 0.25 0.26 0.27 0.29 0.30 0.31 0.32 0.35 0.35 0.36 0.37 0.38 0.39 0.41 0.42 0.43 0.44 0.45 0.47 0.48 
0.74 0.23 0.24 0.26 0.27 0.28 0.29 0.30 0.31 0.34 0.34 0.35 0.36 0.37 0.38 0.40 0.41 0.42 0.43 0.44 0.45 0.46 
0.78 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.31 0.33 0.33 0.34 0.35 0.36 0.37 0.38 0.40 0.41 0.42 0.43 0.44 0.45 
0.82 0.22 0.23 0.24 0.25 0.27 0.28 0.29 0.30 0.32 0.32 0.33 0.34 0.35 0.36 0.38 0.39 0.40 0.41 0.42 0.43 0.44 
0.86 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.31 0.31 0.32 0.33 0.35 0.36 0.37 0.38 0.39 0.40 0.41 0.42 0.43 
0.90 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.31 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 0.41 0.42 
0.94 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.30 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 0.41 
0.98 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.29 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 
1.02 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.29 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 
1.06 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.28 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 
1.10 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.28 0.28 0.29 0.30 0.31 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 
1.14 0.19 0.20 0.21 0.22 0.22 0.23 0.24 0.25 0.27 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.37 
1.18 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.27 0.27 0.28 0.29 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 
1.22 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.24 0.26 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.33 0.34 0.35 0.36 
1.26 0.18 0.19 0.20 0.20 0.21 0.22 0.23 0.24 0.26 0.26 0.27 0.28 0.29 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 
1.30 0.18 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.32 0.33 0.34 0.35 
1.34 0.17 0.18 0.19 0.20 0.21 0.22 0.22 0.23 0.25 0.25 0.26 0.27 0.28 0.29 0.29 0.30 0.31 0.32 0.33 0.34 0.35 
1.38 0.17 0.18 0.19 0.20 0.20 0.21 0.22 0.23 0.25 0.25 0.26 0.26 0.27 0.28 0.29 0.30 0.31 0.31 0.32 0.33 0.34 
1.42 0.17 0.18 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.24 0.25 0.26 0.27 0.28 0.29 0.29 0.30 0.31 0.32 0.33 0.34 
1.46 0.17 0.17 0.18 0.19 0.20 0.21 0.22 0.22 0.24 0.24 0.25 0.26 0.26 0.27 0.28 0.29 0.30 0.31 0.31 0.32 0.33 
1.50 0.16 0.17 0.18 0.19 0.20 0.20 0.21 0.22 0.24 0.24 0.24 0.25 0.26 0.27 0.28 0.29 0.29 0.30 0.31 0.32 0.33 





Clinical application: In a concrete situation in which 
diagnosing hypercalcemia from the electrocardiogram 
might be useful—for example, routine screening for 
hypercalcemia with the electrocardiogram or the diag- 
nosis of hypercalcemic coma when emergency calcium 
assays are not available—one proceeds by measuring 
the Q-aT and R-R intervals, correcting for heart rate 
and calculating the expected calcium level from the 
predictor equation. Table III supplies the conversions 
from Q-aT to Q-aT. for the clinically encountered 
ranges of the R-R interval. If, for example, the measured 
Q-aT interval is 0.24 second and the R-R interval is 0.90 
second, from Table III the Q-aT interval corrected for 
heart rate would be Q-aT, = 0.25 second, which falls 
below our cutoff point of a calcium level of 0.29, yielding 
a tentative diagnosis of hypercalcemia. 

Substitution of Q-aT, = 0.25 second into the pre- 
dictor equation yields an estimated calcium level of 13.4 
mg/dl with a 95 percent confidence limit of +1.9 mg/dl. 
From Table I we estimate the chance of a false positive 
diagnosis of hypercalcemia when Q-aT, = 0.25 second 
as approximately 1 percent. In using these predictor 
data it must be remembered that they are estimates 
derived from the data base used in this study and could 
change somewhat with a larger sample size over a 
broader range of calcium values. 

Future studies: Although our results clearly single 
out the Q-aT, interval from the other two intervals as 
the best predictor of hypercalcemia, when all other 
factors affecting the Q- T interval except calcium met- 


Auaust 1979 The American Journal of CARDIOLOGY Volume 44 


abolic deficiencies are eliminated, verification is needed 
over a broader range of calcium values with larger 
numbers of subjects. Such a study should provide de- 
finitive answers to questions concerning (1) the nature 
of the relation (linear or curvilinear) between serum 
calcium and the respective Q-T intervals over the ex- 
tended range, and (2) the relative efficiencies of the 
respective intervals as indicators of serum calcium levels 
over the range. 

The effect that a broader serum calcium range may 
have on both the correlations and the diagnostic infer- 
ences made from them is not clear. A broader range 
(taking care to exclude factors other than calcium me- 
tabolism that influence the Q-T interval) might con- 
ceivably exhibit significant curvilinearity, similar to that 
observed by Bronsky et al.!? for both Q-oT, and Q-T, 
intervals, thereby altering the form of the correlation 
equation and possibly narrowing the confidence limits, 
with corresponding improvement of the predictor data 
in Tables I and II. A larger series, spanning a broader 
range of calcium values, would presumably include more 
data in the lower ranges, permitting extension to pre- 
diction of hypocalcemia. 
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Hemodynamics during sinus rhythm and pacing-induced angina were 
studied in the supine and sitting positions in 12 patients with coronary 
artery disease. During sinus rhythm, left ventricular end-diastolic pressure, 
cardiac index, stroke index and left ventricular stroke work index were 
lower and heart rate was higher in the sitting position. During pacing, left 
ventricular end-diastolic pressure, stroke index and left ventricular stroke 
work index decreased, whereas pulmonary arterial mean pressure, mean 
pulmonary capillary wedge pressure and brachial arterial systolic and 
mean pressure remained unchanged in both positions. During pacing, 
angina was experienced by 12 patients in the supine and 10 patients in 
the sitting position. Chest pain was less severe and the pacing rates re- 
quired to induce angina were higher in the sitting position (159 + 3 versus 
132 + 4 beats/min, P <0.001). Comparison of data during pacing revealed 
lower values for left ventricular end-diastolic pressure, cardiac index, 
stroke index and left ventricular stroke work index, and higher values for 
heart rate and rate-pressure product in the sitting position; brachial arterial 
systolic and diastolic pressure, pulmonary arterial mean pressure and 
mean pulmonary capillary wedge pressure were similar in the two posi- 
tions. In the immediate postpacing period, left ventricular end-diastolic 
pressure was lower in the sitting than in the supine position. Although the 
pacing threshold for angina was higher and the left ventricular end-dia- 
stolic pressure lower in the sitting position, myocardial lactate uptake was 
more often abnormal in this posture. 


Exercise and atrial pacing have been extensively used to study left 
ventricular function in the supine position in normal subjects and in 
patients with coronary artery disease.!7? Some investigators have 
considered atrial pacing preferable to exercise in assessing left ventricular 
performance, because pacing is not associated with many of the hemo- 
dynamic and metabolic effects seen during dynamic exercise. ^! Little 
information is available on left ventricular function during these inter- 
ventions in the upright posture.?925 Recent studies from our laborato- 
ry2928 have shown that posture greatly influences cardiac performance 
at rest and during exercise in normal subjects and in patients with angina 
pectoris. In the upright posture, patients with coronary artery disease 
exercised at greater work loads, attained higher rate-pressure products 
and had less impairment of left ventricular function during angina than 
during supine exercise.?9 However, there are no data available on the 
effects of posture on the response to atrial pacing in patients with cor- 
onary artery disease. T'his study was designed to examine the influence 
of posture on the clinical, hemodynamic and metabolic responses to 
pacing in patients with angina pectoris due to coronary artery dis- 
ease. 


Methods 


Patients: Hemodynamic investigations with subsequent selective coronary 
angiography and left ventriculography were performed in 12 men, aged 35 to 
64 years (average 51 years), who had chronic exertional angina (Table I). All 
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patients had sinus rhythm and stable angina pectoris that 
could be reproduced during treadmill exercise. Five of the 12 
patients had sustained a myocardial infarction 6 months or 
more before the study. There was no clinical or radiographic 
evidence of heart failure, and the chest roentgenograms re- 
vealed a normal cardiac silhouette in all patients. Ten of the 
12 patients were normotensive, 2 had elevated systolic (less 
than 175 mm Hg) but normal diastolic pressure. None had 
been treated for arterial hypertension or exhibited hyper- 
tensive retinopathy. No patients were receiving digitalis or 
diuretic agents; some had been treated with propranolol in the 
past, but none had received this for at least 7 days before the 
investigation. The only medication taken during the 7 days 
before the study was sublingual nitroglycerin, but none took 
this drug on the morning of the study. 

Protocol: On the day before the investigation, each patient 
was taken to the laboratory where the study was explained and 
informed consent obtained. The patients were studied in the 
fasting state without premedication. Under local anesthesia, 
the brachial artery and two veins were isolated in the right 
antecubital fossa. A no. 7 Swan-Ganz catheter was passed to 
a branch of the right pulmonary artery supplying the lower 
lobe. A no. 8 Gorlin pacing catheter was advanced to the mid 
portion of the coronary sinus. A no. 8 Lehman ventriculog- 
raphy catheter was inserted into the left ventricle from the 
right brachial artery, and the left brachial artery was cannu- 
lated with a Teflon® needle using the Seldinger technique. 

After a 15 minute control period, the patients were studied 
in a randomized fashion in both the supine and sitting 
postures during sinus rhythm and atrial pacing. Patients 
were moved from the supine to the sitting postion on the 
catheterization table so that the legs were dependent; great 
care was taken to avoid displacement of catheters. The elec- 
trocardiogram and left ventricular pressures were monitored 
continuously. 

The modified lead V5 of the electrocardiogram and intra- 
cardiac and intravascular pressures were recorded at 5 minute 
intervals during a 10 minute control period in both the supine 
and the sitting positions. During the final 2 minutes of the 
control period, the cardiac output was measured in duplicate 
with the dye-dilution technique using indocyanine green. 


TABLE | 
Individual Patient Data and Angiographic Findings 


During pacing, the electrocardiogram and pressures were 
monitored continuously and recorded at ! minute intervals. 
The pacing rate was commenced at 10 beats/min above the 
sinus rate and increased 10 beats/min every 90 seconds until 
the onset of angina pectoris or the achievement of a heart rate 
of 170 beats/min. Further records of the electrocardiogram 
and pressures were made at the onset of angina, but pacing 
was continued to permit the determination of cardiac output. 
Thereafter, final pressures were recorded and pacing dis- 
continued. Left ventricular and brachial arterial pressures 
were recorded immediately before and for 30 seconds after 
termination of pacing and at 3 and 5 minutes after pacing. 
After a 15 minute recovery period, the protocol was repeated 
in the other posture. 

Arterial and coronary sinus blood samples were collected 
at rest and during the final minute of pacing in tubes con- 
taining EDTA. The blood was spun at 3°C at 3,000 revolu- 
tions/min within 15 minutes of sampling, and the plasma 
stored at —30°C. Lactate analyses were carried out using the 
ABA 100 automated analyzer,?? and myocardial uptake was 
calculated from the formula (arterial-coronary sinus lac- 
tate/arterial lactate) X 100. 

Pressures were recorded with Statham P23Db strain gauges 
from a 0 reference level 5 cm below the level of the angle of 
Louis in the studies in the supine position, and from the level 
of the fourth intercostal space at the sternal border during the 
studies in the sitting position. Records were made on a pho- 
tographic recorder. Pressures were measured over at least two 
respiratory cycles, and the mean pressures in the brachial 
artery, pulmonary artery and pulmonary capillary wedge 
position were obtained electronically. The recording speed was 
normally 25 mm/sec, but for the left ventricular end-diastolic 
pressure a speed of 100 mm/sec at high sensitivity was 
used. 

The diagnostic criteria of ischemic response was a flat or 
downward sloping depression of the S- T segment of at least 
0.5 mm (0.05 mv) persisting for 0.08 second or longer during 
sinus rhythm in the postpacing period. S- T segment mea- 
surements were averaged over 10 beats. 

Hemodynamic calculations: Left ventricular stroke work 
index (LVSWI) in g-m/m? was calculated using the formula 


m cms mus cce ee Me cO Met ORE NUM FR PRICE E INE MC GN oar ee 


Preliminary Treadmill 
cade Angiographic Narrowing (96) 
RCA EF 


S-T Depression LCA LAD LCx 





Patients Age 


(no.) (yr) BSA ECG Angina (mm) (96) LV Contractility (%) 
1 59 2.19 AMI n 1.5 0 95 0 40 60 Apical hypokinesia 
2 52 2.06 Normal + 1.0 0 99 30 100 60 Posterior wall 
hypokinesia 
3 53 1.82 IMI Ex 1.0 0 100 80 80 42 Posterior wall 
hypokinesia 
4 55 1.72 Normal T 1.0 0 70 50 100 65 Normal 
5 35 1.94 IMI T 1.0 0 80 60 90 59 Posterior wall 
hypokinesia 
6 44 2.23 Normal + 2.0 0 40 40 60 75 Normal 
7 46 1.76 Normal + 15 50 100 90 60 66 Apical hypokinesia 
8 52 1.89 Normal = 0.5 
9 64 1.82 Normal T 2.0 0 90 90 100 52 Apical hypokinesia 
10 55 1.95 Normal T 1.0 0 80 75 90 85 Normal 
11 55 1.86 AMI T 1.5 0 100 60 80 70 Normal 
12 43 1.84 AMI T 1.0 0 100 90 100 28 Poor generalized 
anterior wall 


hypokinesia 
—————MMÀ———— ONC 

AMI — anterior myocardial infarction; BSA — body surface area (m?); ECG — electrocardiogram; EF — ejection fraction; IMI — inferior myocardial 
infarction; LAD = left anterior descending coronary artery; LCA = main left coronary artery; LCx = left circumflex coronary artery; LV = left ventricular: 
RCA = right coronary artery. 
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LVSWI = SI X (BAm — LVEDP) x 13.6/1,000, where SI = 
stroke index in ml/beat per m,2 BAm = brachial arterial mean 
pressure in mm Hg and LVEDP = left ventricular end-dia- 
stolic pressure in mm Hg. Systolic ejection rate index (ml/sec 
per m?) was calculated using the formula SI/SEP, where SI 
— stroke index and SEP - systolic ejection period in seconds 
obtained from brachial arterial tracings recorded at a speed 
of 100 mm/sec. The rate-pressure product in mm Hg/min X 
107? was calculated as the product of systolic arterial pressure 
and heart rate X 10.7? 

Selective coronary cineangiography and left ventriculog- 
raphy were performed in all patients after completion of these 
hemodynamic studies. Student's paired t test was used for 
statistical analysis. 


Results 


The hemodynamic and angiographic studies were 
completed without untoward events. All patients had 
angiographic evidence of significant coronary artery 
disease (Table I), and were studied in both the supine 
and sitting postures; 7 of the 12 patients were initially 
studied in the supine posture and the remaining 5 were 
first studied in the sitting posture. None of the patients 
had spontaneous angina despite the postural change. 
In three patients, pulmonary capillary wedge pressure 
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tracings were inadequate for analysis and the group 
values shown represent data for nine patients. 


Hemodynamic Data 


Studies in the supine position (Tables II and ITI): 
Resting hemodynamics: In the supine posture, the 
group mean left ventricular end-diastolic pressure was 
11 + 1 mm Hg (mean + standard error of the mean) 
(Fig. 1). Examination of individual data showed that left 
ventricular end-diastolic pressure was 12 mm Hg or less 
in nine patients, and 13 to 18 mm Hg in the remaining 
three (Fig. 1). Of the three patients with a high resting 
left ventricular filling pressure, one patient had elec- 
trocardiographic evidence of a previous myocardial 
infarction, whereas the other two had a normal resting 
electrocardiogram. The cardiac and stroke index aver- 
aged 3.4 liters/min per m? (range 2.3 to 4.6) and 43 
ml/beat per m? (range 37 to 50), respectively. 

Pacing hemodynamics: All patients experienced 
angina during pacing; the average heart rate required 
to induce angina was 132 beats/min (range 110 to 150 
beats/min) (Fig. 2). Six patients had ischemic S-T seg- 
ment depression of 0.5 mm in the postpacing electro- 
cardiogram. The average left ventricular end-diastolic 


* Figures in parentheses indicate values in the postpacing period. 
HR = heart rate (beats/min); HR X SBP = rate-pressure product (heart rate X systolic blood pressure) (mm IHg/min X 1072); LVEDP = left ventricular 


end-diastolic pressure (mm Hg); ST; = S-T segment depression at pacing interruption. 


TABLE Il 
Individual, Clinical, Electrocardiographic and Hemodynamic Data During Pacing 
Anginal LVEDP 
Posture Severity ST; HR HR X SBP Rest Pacing* 
Case 1 
Supine Moderate 1.5 132 243 12 7(8) 
Sitting No pain 2.0 168 296 7 4(7) 
Case 2 
Supine Severe 0.0 110 176 10 10(15) 
Sitting Mild 0.5 150 218 8 5(12) 
Case 3 
Supine Moderate 1.0 132 238 13 9(13) 
Sitting Mild 1.0 170 303 9 5(7) 
Case 4 
Supine Moderate 0.5 150 171 5 13(17) 
Sitting Moderate 0.5 160 211 5 7(9) 
Case 5 
Supine Moderate 0.0 140 193 12 6(14) 
Sitting Mild 1.0 150 203 7 3(10) 
Case 6 
Supine Moderate 0.0 130 177 18 4(16) 
Sitting Mild 0.0 150 177 8 3(16) 
Case 7 
Supine Mild 1.0 140 199 18 3(12) 
Sitting Mild 0.0 156 197 7 4(7) 
Case 8 
Supine Severe 0.0 130 177 8 4(14) 
Sitting Mild 0.0 150 207 11 4(9) 
Case 9 
Supine Moderate 3.0 112 199 16 10(27) 
Sitting No pain 1.0 170 204 4 3(2) 
Case 10 
Supine Mild 0.5 132 224 8 3(17) 
Sitting Mild 1.5 156 273 2 4(5) 
Case 11 
Supine Moderate 1.0 120 162 12 3( 18) 
Sitting Moderate 1.0 144 216 7 3(7) 
Case 12 
Supine Moderate 0.0 150 219 8 13(24) 
Sitting Mild 0.0 180 284 8 13(24) 
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TABLE Ill 
Summary of Hemodynamic Data and Statistical Analysis (mean + standard error of the mean) 
State 
Ti "3 3. 
Supine Supine Sitting 
Rest Pacing Rest 
HR 74 E 132 + 4 91+4 
Pressure (mm Hg) 
BA 
S 14745 152 + 6 152 +6 
D 82 +3 96 + 3 9114 
M 107 4 114-4 111 15 
PA 15 t 1 17 +2 15 4 
PCW* 10+ 2 8+ 1 8+1 
LVED Tt * 1 Pd 7X1 
(16 + 2) 
CI 3.4 t 0.2 3.6 + 0.2 2.8+0. 
SI 43 t 1 27 2 3142 
SERI 143 + 4 120+ 6 119 +6 
LVSWI 56+ 3 40+3 43 +3 
HR X SBP 113 + 7 197 7 139 + 1 


* Data available in only nine patients. 


eo 


4. 
Sitting P Values 
Pacing 1 vs 2 3 vs 4 1vs3 2vs4 
159 +3 <0.001 <0.001 <0.001 <0.001 
146 +6 NS NS NS NS 
102+ 4 <0.001 <0.01 <0.02 NS 
115 4 NS NS NS NS 
17 +1 NS NS NS NS 
6+2 NS NS NS NS 
5+ 1 <0.05 NS <0.01 <0.05 
(10 + 2) (<0.01) 
3.0+ 0.2 NS NS <0.01 <0.005 
19+ 1 <0.001 <0.001 <0.001 <0.001 
105+7 <0.001 <0.01 <0.001 <0.005 
28+ 2 <0.001 <0.001 <0.005 <0.005 
233 + 12 <0.001 <0.001 <0.001 <0.005 


BA = brachial artery; Cl = cardiac index (liters/min per m?); D = diastolic; HR = heart rate (beats/min); HR X SBP = rate-pressure product (heart 
rate X systolic blood pressure) (mm Hg/min X 107°); LVED = left ventricular end-diastolic, values in parentheses represent postpacing LVED; 
LVSWI = left ventricular stroke work index (g-m/beat per m?); M = mean; NS = not significant; P = probability; PA = mean pulmonary arterial; 
PCW = pulmonary capillary wedge; S = systolic; SERI = systolic ejection rate index (ml/sec per m°); SI = stroke index (ml/beat per m°). 


pressure decreased from 11 + 1 to7 + 1 mm Hg during 
pacing-induced angina (P <0.01). However, examina- 
tion of the individual data showed that left ventricular 
pressure during pacing decreased in nine patients, in- 
creased in two (Cases 4 and 12) and remained un- 
changed in one patient (Case 2) (Fig. 1). After termi- 
nation of pacing, the immediate postpacing left ven- 
tricular end-diastolic pressure increased to 16 mm Hg 


LEVDP mmHg 


R P Pi R P Pi 


SUPINE SITTING 


FIGURE 1. Individual and group (closed circles and bar) values for 
left ventricular end-diastolic pressure (LVEDP) at rest (R), during pac- 
ing-induced angina (P) and in the immediate postpacing period (P;). The 
group values during all periods were lower in the sitting than in the su- 
pine position. During pacing, left ventricular end-diastolic pressure 
decreased in 10 of the 12 patients in both positions. 





(P «0.05). This was above the control values before 
pacing in nine, below these values in two patients (Cases 
1 and 6), and similar to them in one (Case 3) (Fig. 1). 
During pacing there was no change in brachial arterial 
systolic or mean pressure from the control values. 
However, brachial arterial diastolic pressure during 
pacing (96 + 3 mm Hg) was greater than the control 
values (82 + 2 mm Hg) (P «0.01) (Fig. 2). Cardiac index 


© SUPINE 
O SITTING 


200 I SEM 


BLOOD PRESSURE mmHg 


NALE SYSTOLIC 


HEART RATE beats/min 





p NS NS 
DIASTOLIC 
p «O OO! p«O 02 NS 
REST PACING REST PACING 


FIGURE 2. Group mean values for heart rate and blood pressure at rest 
and during pacing-induced angina. NS = not significant; p = probability; 
SEM = standard error of the mean. 
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FIGURE 3. Group mean values for cardiac 
index (Cl) and stroke index (SI) at rest and 
during pacing induced angina. L — liter; p — 
probability; SEM = standard error of the 
mean. 


during pacing (3.6 + 0.2 liters/min per m?) was similar 
to the control values (3.4 + 0.2 liters/min per m?) 
whereas stroke index, left ventricular stroke work index 
and systolic ejection rate index decreased significantly 
(Fig. 3 and 4). 

Studies in the sitting position (Tables II and III): 
Resting hemodynamics: In the sitting posture, left 
ventricular end-diastolic pressure averaged 7 mm Hg 
(range 5 to 11), cardiac index averaged 2.8 liters/min per 
m? (range 2.1 to 3.9) and the stroke index averaged 31 
ml/beat per m? (range 19 to 42). 

Pacing hemodynamics: During pacing, only 10 of the 
12 patients experienced angina in the sitting posture; 
the average pacing rate required to induce angina was 
157 + 3 beats/min (Fig. 2). In the immediate postpacing 
period, ischemic S- T segment depression of 0.5 mm or 
more was seen in six patients. The two patients (Cases 
1 and 9) who did not experience angina despite pacing 
rates of 168 and 170/min had 2.0 and 1.0 mm S-T seg- 
ment depression, respectively, in the immediate post- 
pacing period. 

'The average left ventricular end-diastolic pressure 
was 7 + 1 mm Hg during sinus rhythm, decreased to 5 
+ 1mm Hg with pacing (P <0.05) and increased to 10 
+ 2 mm Hg (P «0.01) in the immediate period. How- 
ever, examination of the individual data showed that 
during pacing, the left ventricular end-diastolic pressure 
decreased in nine patients and increased in three (Cases 
3, 10 and 12). After termination of pacing, left ventric- 
ular end-diastolic pressure increased above the control 
values before pacing in six patients, remained un- 
changed in three (Cases 1, 7 and 11), and decreased in 
the remaining three (Cases 3, 8 and 9) (Fig. 1). 

During pacing there were no changes in brachial ar- 
terial systolic or mean pressures, whereas brachial ar- 
terial diastolic pressure (102 + 4 mm Hg) was greater 
than the control values (91 + 4 mm Hg) (P <0.01) (Fig. 
2). Cardiac index during pacing (3.0 + 0.2 liters/min per 
m?) was similar to the control values (2.8 + 0.2 liters/ 


August 1979 The American Journal of CARDIOLOGY Volume 44 





S| 
ml/beat/m? 


REST 
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min per m?), whereas stroke index, left ventricular 
stroke work index and systolic ejection rate index de- 
creased significantly during pacing (Fig. 3 and 4). 
Comparison of hemodynamics in the supine and 
sitting postures: Resting hemodynamics: The heart 
rate was significantly lower in the supine posture (77 + 
3 beats/min) than in the sitting position (91 + 4 beats/ 
min) (P <0.001) (Fig. 2), whereas the brachial arterial 
mean pressure was similar in the two postures. The 
values for left ventricular end-diastolic pressure (P 
<0.05), cardiac index, stroke index and left ventricular 
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FIGURE 4. Relation between left ventricular end-diastolic pressure 
(LVEDP) and left ventricular stroke work index (LVSWI) at rest and during 
pacing-induced angina. At rest, left ventricular stroke work index was 
significantly less in the sitting than in the supine position. During pacing, 
it decreased in both positions, but the values were lower in the sitting 
than in the supine position. SEM — standard error of the mean. 
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stroke work index (P <0.01) were higher in the supine 
than in the sitting position. 

Pacing hemodynamics: The pacing rate required to 
induce angina in the supine posture (132 + 4 beats/min) 
was significantly lower than that required to induce 
angina in the sitting position (159 + 3 beats/min) (P 
<0.01) (Fig. 2). During pacing, and in the immediate 
postpacing period, left ventricular end-diastolic pres- 
sure was lower in the sitting than in the supine position 
(P <0.05). The values for cardiac index (P <0.005), 
stroke index (P <0.001) and left ventricular stroke work 
index (P <0.005) during pacing were higher in the su- 
pine than in the sitting position (Fig. 3 and 4). 


Lactate Data 


Studies in the supine position (Table IV): The 
group mean value for myocardial lactate uptake at rest 
during sinus rhythm was 14.0 + 2.8 percent and did not 
change significantly during pacing-induced angina (11.8 
+ 3.8 percent). Individual data revealed that myocardial 
lactate uptake was abnormal (less than 10 percent) in 
six patients during the control period (Cases 2, 3, 5 and 
10 to 12) and in five patients during pacing-induced 
angina (Cases 2 and 9 to 12). Of the seven patients who 
had S-T depression, lactate uptake decreased to ab- 
normal values in only two (Cases 9 and 10). In the five 
patients who did not have S-T depression despite an- 
ginal pain during pacing, lactate uptake was abnormal 
in three (Cases 2, 11 and 12). 

Studies in the sitting position (Table IV): The 
group mean value for myocardial lactate uptake at rest 
during sinus rhythm was 12.6 + 4.5 and decreased to 
—11.5 + 16.5 during pacing, but the high level of lactate 
production in Patient 9 (—178 percent) during pacing 
was largely responsible for this change. Individual data 
showed that myocardial lactate uptake was abnormal 
in four patients during the control period (Cases 2 and 
9 to 11) and in seven patients during pacing-induced 
angina (Cases 2, 4 to 6 and 9 to 11). Of the eight patients 
who had S-T segment depression, lactate uptake was 
abnormal in six (Cases 2, 4, 5 and 9 to 11). In the three 
patients (Cases 6 to 8) who did not have S- T depression 
despite anginal pain during pacing, lactate uptake be- 
came abnormal in only one (Case 6). 

Comparison of control lactate values in both postures 
showed that arterial levels were higher in the sitting 
than in the supine position (18 + 1.7 versus 13.1 + 1.3 


TABLE IV 


mg/100 ml (P «0.05). During pacing, lactate uptake was 
abnormal in both positions in four patients (Cases 2 and 
9 to 11), and abnormal only in the sitting position in 
three additional patients (Cases 4 to €). 


Discussion 


Our study has shown that posture modifies the clin- 
ical, hemodynamic and metabolic responses during 
sinus rhythm and pacing in patients with coronary ar- 
tery disease. Patients in the upright position experi- 
enced angina at a higher heart rate and rate-pressure 
product, and the rise in left ventricular end-diastolic 
pressure after pacing was less pronounced in this pos- 
ture than in the supine position. Myocardial lactate 
uptake during pacing was more often abnormal in the 
upright posture. 

Effects of posture on resting hemodynamics and 
lactate metabolism: The control values for cardiac 
index and stroke index were significantly lower in the 
upright position, and these observations are in keeping 
with previous data on patients with coronary artery 
disease and normal subjects.?6:28.30-4! In our study, the 
heart rate was significantly higher in the upright than 
in the supine position. In a previous study? in patients 
with coronary artery disease, a similar trend was ob- 
served but did not achieve statistical significance. The 
difference may be due to differences in the patients 
studied. The lower cardiac index and stroke index in the 
upright position appear to have been primarily due to 
diminished venous return. Arterial lactate levels were 
higher in the sitting than in the supine position. This 
observation and the higher heart rate in the sitting po- 
sition were probably secondary to increased muscular 
and sympathetic activity in the upright position. 

Effects of posture on pacing hemodynamics: All 
patients experienced typical angina in the supine po- 
sition during pacing, whereas only 10 of the 12 patients 
experienced angina in the sitting position. The severity 
of chest pain was less and the pacing rates required to 
induce angina were significantly higher in the upright 
than in the supine position. Although we did not mea- 
sure ventricular volumes, these volumes are smaller in 
the sitting than in the supine posture;*? this decrease 
could reduce myocardial oxygen requirements and ac- 
count for the increased anginal threshold for pacing. 


Summary of Lactate Data at Rest and During Pacing (mean + standard error of the mean) 


Supine 


Sitting 


A C-S % Uptake A C-S % Uptake 
13.27 11.18 14.01 18.00 15.35 12.55 
+1.31 +0.92 +2.82 +1.71 £131 +4.45 
12.32 10.72 11.84 14.72 15.67 — 11.50 
+1.20 +0.99 +3.78 +1.34 +3.18 +16.51 


A = arterial (mg/100 ml); C-S = coronary sinus (mg/100 ml); P = pacing; R = sinus rhythm at rest. 
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The importance of changes in ventricular volume on the 
sensitivity of patients to pacing has been documented 
in phlebotomy studies.^? 

During pacing-induced angina, cardiac index, stroke 
index and left ventricular stroke work index decreased 
in both the supine and upright postures from the re- 
spective control values. These observations are in 
keeping with previous reports on the effects of pacing 
on these values in the supine position in both normal 
subjects and patients with coronary artery dis- 
ease.*:/,9,14-18,23,44-47 The values for cardiac index, stroke 
index and left ventricular stroke work index during 
pacing were significantly lower in the sitting than the 
supine position. 

In patients with coronary artery disease, changes in 
left ventricular end-diastolic pressure induced by pacing 
in the supine position have been a subject of consider- 
able debate. Sowton et al.” found that during pacing- 
induced angina, the capillary wedge pressure did not 
exceed 12 mm Hg, and O’Brien et al.!? reported that the 
left ventricular end-diastolic pressure either decreased 
or did not change. However, other investigators!9-19.20.21 
demonstrated that the left ventricular end-diastolic 
pressure during pacing decreased in normal subjects and 
in patients with coronary artery disease who did not 
experience angina, but did not change in patients who 
experienced angina. However, marked individual 
variation in left ventricular end-diastolic pressure was 
reported to occur during pacing-induced angina,?? and 
this variation was also apparent in our study. 

During pacing-induced angina in the supine posture, 
a significant rise in left ventricular end-diastolic pres- 
sure in the immediate postpacing period is a common 
occurrence.!^!6 An absolute value of 17 mm Hg or 
more^? or a rise of 5 mm Hg or more above the control 
level? has been considered abnormal. In our study, the 
postpacing left ventricular end-diastolic pressure in the 
supine position increased by an average of 5 mm Hg 
(range —6 to +16) and was 17 mm Hg or more in only 5 
of the 12 patients. These differences may be due to 
differences in the patients studied and in the pacing 
protocols used. 19.17.20 

Left ventricular end-diastolic pressure during pac- 
ing-induced angina in the upright position decreased 
in 10 of our 12 patients, and the average values were 
lower than those observed in the supine position (Fig. 
1). In the immediate postpacing period, left ventricular 
end-diastolic pressure increased by an average of 3 mm 
Hg (range —2 to +16) from the control values during 
sinus rhythm; a value of 17 mm Hg or more was re- 
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corded in only one patient. The group value for left 
ventricular end-diastolic pressure after pacing was 
significantly lower in the sitting than in the supine po- 
sition. Lower values for left ventricular end-diastolic 
pressure in the former position are proabably related 
to diminished vénous return. 

The results of our investigation should be compared 
with those observed during exercise-induced angina 
in the supine and the upright posture. In agreement 
with our findings, patients exercised to greater work 
loads and attained a higher heart rate and rate-pressure 
product at angina during upright exercise than in the 
supine position.?950-5? Also, the left ventricular end- 
diastolic pressure was lower during angina induced by 
upright exercise.” However, in contrast to our findings, 
cardiac index, stroke index and left ventricular stroke 
work index were similar during supine and upright ex- 
ercise.“° The failure of posture to influence these he- 
modynamic variables during exercise reflects the in- 
fluence of muscular activity on venous return. 

Effects of posture on lactate metabolism: The 
metabolic responses to pacing have been extensively 
studied in the supine position and it has been shown 
that approximately 60 percent of patients who experi- 
ence angina have abnormal myocardial lactate uptake 
when nonselective coronary sinus sampling techniques 
are used.!? In our study, lactate uptake was abnormal 
in a smaller proportion of patients even though all pa- 
tients had angina during pacing. This discrepancy may 
be due to differences in the patients studied and the 
pacing protocols used. In previous studies from our 
laboratory!" patients underwent pacing for longer pe- 
riods of time during angina and thus presumably had 
more ischemia than in the present study. Lactate uptake 
was more abnormal in the upright position than in the 
supine position, and this difference may be a result of 
the effects of increased sympathetic activity, cate- 
ee release and higher pacing rates in this posi- 

ion. 

In summary, our study demonstrates that posture 
influences the clinical, hemodynamic and metabolic 
responses to atrial pacing in patients with symptomatic 
coronary heart disease. Angina pectoris can be precip- 
itated with greater ease in the supine than in the upright 
posture, probably as the result of increased venous re- 
turn with greater ventricular filling pressure and vol- 
umes. Paradoxically, myocardial lactate metabolism 
was more abnormal in the upright position, and this 
finding may be explained by associated increased 
sympathoadrenergic activity. 
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What does this hard driving 
magazine editor 
have in common 


ay 
| wv 









with this 
chronically 


fatigued 
grandmother? 





Potassium 
depietion. 


The editors hypertension is treated with diuretics, 
and all effective diuretics cause kaliuresis.'-^ Even 
potassium-sparing diuretics, at least when com- 
bined with thiazides, may not protect the patient 
from potassium losses.'? Unless she eats the foods it 
takes to replace the losses; her deficit can only 
grow. Those foods contain an extra 700 or 800 
calories. 

The grandmothers malaise and muscle weakness 
can be early signs of potassium deficit; which can 
accrue from inadequate diet? particularly one high 
in carbohydrates; purgative habits; ?** or cortico- 
steroid therapy. * * 




















Effective potassium 
supplementation 
is required. 


Both the editor and grandmother have a 
need for potassium. Yet safe and effective 
supplementation must be tailored to their 
individual life-styles. Patient compli- 

ance to potassium therapy can help 

assure a high rate of efficacy, and í 
compliance is enhanced by dosage | 
simplicity, convenience and taste. 

The woman with great demands on 

her time can appreciate the 

convenience of once-a-day dosage 

for her potassium needs ... dosage 

that fits in with her other medication 
schedules. The grandmother needs 

an easy-to-take, good-tasting 

dosage form with GI safety. 
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“No potassium supplements meet 
H varied patient needs better than... 


K-LYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


The best of taste for over a decade 


K-LYTE DS 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


Convenient once-a-day dosage 


K-LY TE/CL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 
Citrus and Fruit-Punch Flavors 


The easy, tasteful, effervescent way 
when the chloride ion is preferred 


The K-LY TE line...safe and 
effective potassium 
supplementation meeting 
a variety of patient needs 


* Safety of a liquid all the way through the GI tract — no 
reports of GI ulceration in over a decade of use with 
K-LYTE* 

e Clinical evidence of efficacy — rapid absorption for 
prompt therapeutic serum levels 

* Dosage simplicity and accuracy — convenient efferves- 
cent tablet forms; no mixing or spilling. Easily fits into 
the patients life-stvle and other medication schedules 

* Great taste and a choice of flavors — an aid to patient 
compliance along with a one- or two-tablet-a-day 

dosage regimen 
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KLYTE Do 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 


KLYTE/GL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 
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meeting a variety 
of patient needs 
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Prescribing Considerations 

Indications: K-LYTE DS, K-LYTE and K-LYTE/CL are oral potassium supplements 
for therapy or prophylaxis of potassium deficiency. They are particularly useful when 
thiazide diuretics, corticosteroids, or severe vomiting and diarrhea cause excessive 
excretory potassium losses; and when dietary potassium is low. Carefully monitored, 
K-LYTE DS, K-LYTE and K-LYTE/CL may also be useful for potassium replacement 
where digitalis intoxication results in cardiac arrhythmias. 

Contraindications: Impaired renal function with oliguria or azotemia; Addisons dis- 
ease; hyperkalemia from any cause. 

Warnings and Precautions: Since the amount of potassium deficiency may be difficult 
to determine accurately, supplements should be administered with caution, and dos- 
ages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxi- 
cation are variable. They include listlessness, mental confusion, and tingling of the 
extremities. Frequent checks of the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypokalemia, attention should also be 
directed toward other potential electrolyte disturbances. Potassium supplements 
should be given cautiously to digitalized patients and such patients should be moni- 
tored by ECG for cardiac irregularities. To minimize the possibility of gastrointestinal 
irritation associated with the oral ingestion of concentrated potassium salt prepara- 
tions, patients should be carefully directed to dissolve each dose completely in the 
stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may oc- 
cur with the use of potassium salts. 

Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 mEq potassium) com- 
pletely dissolved in 6 to 8 ounces of cold or ice water, 1 to 2 times daily. |] K-LYTE 
tablet (25 mEq potassium) completely dissolved in 3 to 4 ounces of cold or ice water, 
2 to 4 times daily; 1 K-LYTE/CL tablet (25 mEq potassium chloride) completely dis- 
solved in 3 to 4 ounces of cold or ice water, 2 to 4 times daily. NOTE: It is suggested 
that K-LYTE DS, K-LYTE and K-LYTE/CL be taken with meals and sipped slowly 
over a 5 to 10 minute period. 

How Supplied: K-LYTE DS effervescent tablets (orange or lime flavors) are available 
in cartons of 30. K-LYTE effervescent tablets (orange or lime flavors) are available in 
cartons of 30 and 250. K-LYTE/CL effervescent tablets (fruit punch and citrus) are 
available in cartons of 30 and 250. All tablets are individually foil wrapped. 


References: 1. Buckalew VM, Harris TR, Kassirer JP, et al: Potassium balance: walking the mEq 
tightrope. Patient Care 9:20— 69, 1975. 2. Morrelli HF, Brater DC, Cohen M, et al: In digitalized 
patients: how serum K+ can fool vou. Curr Prescrib 4:76— 85, 1978. 3. Kosman ME: Management 
of potassium problems during long-term diuretic therapy. JAMA 230:743— 748, 1975. 4. New- 
mark SR, Dluhy RG: Hyperkalemia and hypokalemia. JAMA 231:631— 633, 1975. 5. Wester- 

man RL, Snively WD Jr: Potassium deficit: clinical aspects. GP 33:85-93, 1966. 6. Chesney RW: 
Drug-induced hypokalemia. Am J Dis Child 130:1055— 1056, 1976. 7. Duke M: Thiazide-induced 
hypokalemia: association with acute myocardial infarction and ventricular fibrillation. JAMA 
239:43— 45, 1978. 8. Hall WD: Clinical use of diuretics in congestive heart failure. Med Times 
107:24—32, 1979. 9. Fleming BJ, Genuth SM, Gould AB, et al: Laxative-induced hypokalemia, 
sodium depletion and hyperreninemia: effects of potassium and sodium replacement on the 
renin-angiotensin-aldosterone svstem. Ann Intern Med 83:60—62, 1975. 
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HIS REPORTS WOULD 
BE OUT BY NOW! 


Our users tell us about many things they like in their E for M Cath Lab Computer 

System, such as — 

e Ventriculography results are available in-lab. 

e Hemodynamic calculations are done with an accuracy and reliability they 
found hard to get manually. 
Waveforms and calculated results are displayed and permanently stored. 
Extensive editing facilities permit introduction of personal judgment. 
Latest generation software provides some unique capabilities such as shunt 
calculations based on the tentative diagnosis of congenital anomaly. 
The computer-accessible cardiac data base greatly simplifies cross- 
population and other statistical studies. 


But the part our users like most is getting all their reports written by the 
computer, to their specifications, immediately after the procedure is finished. 


If you are thinking about a computer for your cath lab, it will pay you to talk with 
us. Call your local EforM representative, or our computer group in Sudbury, 
Massachusetts, 617-443-9969. 


ELECTRONICS FOR MEDICINE, INC. 
PLEASANTVILLE, NEW YORK 10570 * 914-769-6700 
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TAKE SIX HANDS... 


... You can now do with two, and CARDIOTEST™ . New from CPI., 
CARDIOTEST is an easy-to-operate pushbutton instrument that is 
really three devices in one: a threshold analyzer, a pacer tester and a 
noninvasive pacer monitor. It’s the compact answer to all your pace- 
maker analysis needs — both during and after implant. 


Pushbutton operation makes CARDIOTEST simple to use. And the 
self-explanatory faceplate is clearly divided into the three functional 
areas for precise and reliable operation. The large dispay area allows 
quick identification of numerical values and units of measurement 
(ppm, ms, v, mA, K, mv). 


With CARDIOTEST, you can measure thresholds at the implantable 
pacer’s pulse parameters .. . for a start. You can also test lead 
system resistance, R-wave amplitude, and implantable pacer output 
characteristics. 


A range of special test functions not offered by most other pacer 
analyzers includes: 

Demand pacing option during threshold testing 

Measurement of implantable pacer sensitivity 

Implantable pacer refractory period measurement 

Simultaneous patient pacing during test operations 

Noninvasive, postoperative measurement of rate, interval and pulse 

width 


The highly visible display quickly verifies all dial settings on CARDIO- 
TEST, so mechanical setting inaccuracies are eliminated. Extreme 
precision of actual measurements is achieved through crystal 

< Controlled timing and state-of-the-art digital logic circuit techniques. 
What appears on the display is what’s actually occurring within the 
patient's pacing system. 
For accurate, complete, yet simply performed analyses, CARDIOTEST is 
the answer. 


For additional information on how CARDIOTEST can provide simple 
solutions to your pacemaker analysis needs, contact your CPI repre- 
sentative or call Toll-Free (800) 328-9588. 


Cardiac Pacemakers, Inc. 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A. 
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A continuing educational series in Nuclear Cardiology 








Q. 


A. 


The interview excerpted here was 
conducted with Glen W. Hamilton, 
M.D., Chief, Nuclear Medicine 
Section, Veteran’s Administration 
Hospital, Seattle, Washington. Dr. 
Hamilton is also an Associate Pro- 
fessor of Medicine, University of 
Washington School of Medicine. 


Of the nuclear cardiology studies available in 
clinical practice today, which are the most dif- 
ficult to interpret? 


Thallium images are probably the most difficult 
to interpret, and pyrophosphate are probably the 
next. In about 60% of all abnormal studies, the 
abnormality is quite obvious. The remaining 40% 
are quite difficult to read. As the physician gains 
experience, he will be able to read about half of 
those with confidence, but about 20% of all thal- 
lium studies remain difficult to interpret. Ex- 
perienced observers will have legitimate disagree- 
ment as to whether a given study is normal or 
abnormal. 


. Which of these tests are generally the best in the 


assessment of left ventricular function? Is this 
also the best study for assessing wall motion? 


. The multiple gated blood pool study yields the 


greatest clinical information compared to the diffi- 
culty of performing the test and, therefore, is the 
one we use in our clinical practice when we wish 
to assess a patient s ventricular function. The best 
study for assessing wall motion is probably the 
multiple gated study. It is not perfect, in that the 
right ventricle and the left ventricle overlap in 
all but the LAO view...but for most laboratories 
it is the most practical way to assess wall motion. 


Q. What studies would you recommend to a nuclear 


A. 


physician or cardiologist beginning nuclear 
cardiology in a community hospital? 


I would recommend two studies: multiple gated 
blood pool studies, and thallium imaging. The 
ventricular function measurements obtained from 
multiple gated studies are useful not only in pa- 
tients who have suspected coronary disease, but 
also in a wide variety of other patients, such as 
people with lung disease, older patients who have 
undetected ventricular dysfunction, or presurgi- 
cal patients. Clearly, this is going to be the larg- 
est volume study, and that's the place where they 
should start. After doing resting ventricular func- 
tion studies, they should progress to thallium 
imaging. Six months from now, there should be 
enough data available on rest/exercise ventricu- 


lar function studies using multiple gated imaging 
to indicate whether this technique is of genera 
usefulness. 


. Which studies are most difficult to perform? 
. Pyrophosphate studies are obviously the simplest 


to perform. The multiple gated blood pool study 
is performed quite simply. However, the equip 
ment required is not present in every laboratory 
at the present time. Thallium, being a less ideal 
isotope, is probably the most difficult study, in 
terms of the technique required to achieve good 
diagnostic results. 


. What may be the single most important use of 


these nuclear cardiology studies in five years? 


. First, I’m confident we will be noninvasively mea 


suring ventricular function in a wide range ol 
patients with various disease states — coronary 
artery disease, cardiomyopathy, chronic lung dis: 
ease, valvular heart disease and many others. We 
will be able to follow these patients, correctly se 
lect the optimal time for surgical intervention, anc 
alter medical therapy so that treatment is optimal. 
There's no question that this will happen. 
Secondly, if these tests turn out to be quite sensi 
tive for the detection of coronary artery disease 
in its early presymptomatic stages, it may be 
possible to alter that disease by various inter- 
ventions. This could become a very important 
national endeavor which could have far-ranging 
effects on health in this country. 


. How widespread do you see these techniques 


becoming? 


. The need for studies of ventricular function will 


be comparable to the need for lung or bone scans. 
I really expect that most existing nuclear medicine 
laboratories, and, generally any hospital of two or 
three hundred beds, will be able to perform ven- 
tricular function studies within the next several 
years. 


For the complete transcript of this interview with 
Dr. Hamilton, write Inner-View, General Electric 
Company, Medical Systems Division, P.O. Box 
414 (Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee 
Toronto, Madrid. 
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The 13 Chapters Are a Comprehensive Summary 


Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons Why This is so Essential: 


G V3 of all pre-excitation cases are misdiagnosed. 

© 5% to 10% of all tachycardias in adults are produced by pre-excitation. 

C In Ve of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 

[1 ¥3 to V» of all children with pre-excitation have an additional heart dis- 
ease. 


Starting with Wolff, Parkinson and White's classic paper, this book gives a 
comprehensive summary of all important facts of pre-excitation, plus the 
authors personal experiences of follow-up studies of patients through 
many decades. It also brings a broad view of the literature and discusses 
the different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


Vhat is offered richly in this book is a methodical and comprehensive analysis of 
rtually all currently available knowledge on the subject. This is done with an admirable 
ren-handedness, dealing objectively with all viewpoints but at the same time eval- 
iting relative strengths and weaknesses of each observation and hypothesis. There is 
‘ought a wisdom here which only time and experience can provide. The encyclopedic 
ferences alone would make the book invaluable to anyone seriously interested in the 
olff-Parkinson- White syndrome. But when knowledgeable discussion and personal 
servations are added, it is genuinely a monumental contribution to clinical cardiology 
1d cardiac electrophysiology. " 


Thomas N. James, MD 
The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Department of Medicine, 
The University of Alabama in Birmingham, 
and Physician-in-Chief, University of Alabama Hospitals 


. General Considerations 
. The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 
. The Electrocardiogram in the Pre-excitation 
Syndrome: Disturbances of Rate and Rhythm 
. Pathology 
. Noninvasive Methods of Investigation 
. Invasive Methods of Investigation 
. Prognosis 
. Treatment 
. Problems of Diagnosis — Some Illustrative 
Cases 
10. Summary of Findings and Theories of Pre- 
excitation Syndrome 
11. Concept of Interacting Structural and Func- 
tional Factors 
12. Explanation of Some Phenomena of the Pre- 
excitation Syndrome by the Proposed Concept 
13. Various QRS Patterns in the Different Forms 
of Pre-excitation 
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Obtain your copy of 

THE PRE-EXCITATION SYNDROME 
on approval for 30 days 

by sending in 

the order form TODAY 
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[] Bill me plus cost of shipping 
O Payment enclosed, publisher pays for shipping 
O Charge my credit card Expire date - 
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Card No. 


New York residents add sales tax. Outside Western Hemisphere prepay in 
U.S. funds or charge to credit card and add $5.00 per copy 
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Reporting on the day’s events... 





The New 





System 


accurate, verifiable, clinically valuable 
Holter information. 


L] an informative, intuitive arrhythmia report, indexed to the minute, the central 
element in your scanning report, serves also as a roadmap to reduce the time 
required for the manual scan. 

L] each CAMSCAN System Arrhythmia Report is verifiable through two independent 
means: 
first verification: take advantage of the to-the-minute accuracy of the system and 
rapidly examine two or three places on the tape corresponding to periods of high 
activity on the CAMSCAN System Report. 
second verification: during the documentation (manual) scan, program three 
audible tones to sound whenever various arrhythmias are detected — perform an 
audio vs visual check for false classifications. 
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A better way to report cardiac events: 
The CAMSCAN System Arrhythmia Report. 


trends number of heartbeats in each minute (4). O counts and prints number of VPB’s in longest run of 
trends minimum and maximum heart rate in each V-tach (8). 

minute (11), thereby highlighting sinus pauses and O shows short runs of V-tach usually as increased 
blocks (12) that an operator may miss. maximum heart rate (6). 

counts and prints number of heartbeats in each O shows clearly relationships between heart rate and 
hour (1). ventricular ectopic activity, both with respect to 
trends total VPB's (3) as well as episodes of couplets each other and with respect to time (5). Heart rate 
and V-tach (7) in each minute. and ectopic events can then also be easily corre- 


counts and prints isolated VPB's (2), couplets (10), lated with event marks and the patient's activities, 


and runs of V-tach (9) in each hour in accordance ye and medications. 
with commonly used arrhythmia classifications. O summarizes data from a 24-hour CAMSCAN System 


tape in just 13 minutes of unattended scan. 


To get more information on what the unique features and benefits of 
the CAMSCAN System can mean in your practice, contactyour local AO representative. 


The New 





CAMISCAN / 7:22 
Holter monitoring benefits American Optical MEDICAL DIVISION 


System Crosby Drive, Bedford, MA 01730 


Ihe CAMSCAN System 
takes full advantage of recent advances in electronics. 


The CAMSCAN System contains the 
latest in microprocessor technology p. ee 
and offers superior value and capa- 
bility over previous equipment. In 
designing the CAMSCAN System, en- 
gineers of the American Optical Med- 
ical Division have drawn on years of 
expertise with CAMS" for patient 
monitoring in the ICU and the CCU as 
well as years of Holter design experi- 
ence. The result is a new-generation 
Holter system that, in addition to its 
highly informative arrhythmia report, 
offers a long list of important features. 
Some of them are: 





O large, bright display screen—up to 64 seconds of ECG can be frozen for fast, easy review of 
events of interest. 


LJ scanner can be programmed to stop at up to 20 diary entries, hourly intervals as well as event 
marks to reduce operator fatigue and provide higher quality reports. 

LJ scanner can be programmed also to stop at any combination of five categories of arrhythmias for 
easier, more error-free scanning. 

L] scanning speed is selectable at either 60X or 120X. 

LJ two-channel paper strip recording operates at twice normal speed to save time 

L] each ECG strip shows patient time, ID number, and gain (size) setting. 

LJ two ECG channels for maximum diagnostic information. 

O crystal-controlled timing track recorded on the tape for precise time designation of 
cardiac events. 

Lj event marker supplements diary information. Does not interrupt the ECG or timing channels. 

Li built-tn calibrator is standard equipment providing convenience and economy. 

LJ permits playback of reel-to-reel tapes. 


a full line of CAMSCAN System accessories 


patient hookup kits/pregelled disposable electrodes/cassettes/patient information booklets/patient 
diaries/chart paper/head cleaner kits/user manuals/test cables/patient cables 


supported by superior customer services 

L.] our customer service organization is staffed by electronics technicians who understand the 
principles of ambulatory cardiography. 

[Q sixty-six service locations backed by five regional service stations that have extensive parts and 
consumables inventories. 

LJ in-service performed by experienced registered nurses. 
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In 27 closed chest dogs left ventricular wall motion abnormalities assessed 
quantitatively with two dimensional echocardiography were used as a 
measure of myocardial infarct size, and the change in extent of segmental 
wall motion abnormalities due to drug intervention early after infarction 
was evaluated. The extent of wall motion abnormalities was measured 
with echocardiography before and at 20 and 40 minutes and 5 1/2 hours 
after coronary occlusion. Three subgroups of dogs received, respectively, 
an infusion of nitroglycerin, phenylephrine or saline solution. Infarct size 
was measured with technetium pyrophosphate scintigraphy of the excised 
left ventricle. The infarct size correlated well with the extent of wall motion 
abnormalities before death. Wall motion was initially similar among the 
three groups but was significantly improved after treatment with nitro- 
glycerin (P <0.025), remained stable with continued saline infusion and 
worsened significantly (P <0.05) after treatment with phenylephrine. Two 
dimensional echocardiography can be used to quantify experimental 
Canine myocardial infarction and assess the effect of nitroglycerin. 


Methods to reduce infarct size'? are a major focus of research in hospi- 
talized patients with acute myocardial infarction. Aside from the paucity 
of proved drugs to accomplish this, a major problem is the lack of an ideal 
method for rapid, repeated, accurate and safe quantification of infarct 
size and the effect of treatment. We undertook the present study to as- 
certain if the method we have developed for infarct sizing?^^* could detect 
modifications in infarct size due to pharmacologic interventions. 


Methods 


Experimental procedure: In 27 mongrel dogs weighing 20 to 25 kg thora- 
cotomy was performed through the fourth left intercostal space and a snare 
occluder implanted on the left anterior descending coronary artery, distal to the 
first septal perforating branch. The dogs were allowed to recover 3 days to 2 
weeks (mean 6 days) and were then anesthetized with morphine, chloralose and 
urethane and placed on a Harvard respirator in the right lateral decubitus po- 
sition. | 

Echocardiography: Two dimensional echocardiograms were obtained with 
a commercially available wide angle phased array ultrasonograph (Varian V3000, 
Palo Alto, California) using a 2.25 megahertz transducer.? Images were recorded 
on videotape for subsequent analysis. In each dog a long axis view of the left 
ventricle was recorded. Serial images of the short axis cross section were made 
by sweeping the image plane from apex to base. These views were obtained 
before coronary occlusion and repeated at 20 and 40 minutes and 5 1/2 hours 
after occlusion (Fig. 1). The coronary occlusion was accomplished by tightening 
and externally clamping the snare introduced during the prior thoracotomy. 

Pharmacologic interventions: Eight dogs had an intravenous infusion of 
phenylephrine starting 20 minutes after occlusion when the two dimensional 
echocardiographic images had been recorded. The infusion was regulated to 
maintain systolic blood pressure at 140 to 150 percent of the level measured 20 
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FIGURE 1. Stop-frame end-diastolic (ED) (a) and end-systolic (ES) (b) 
images 20 minutes after occlusion of the left anterior descending 
coronary artery. Note the apical systolic dyskinesia. 





minutes after occlusion. Eleven dogs received an intravenous 
infusion of nitroglycerin, beginning after the 20 minute 
postocclusion echocardiographic recording and continuing 


until the animals’ deaths. Intermittent injections of 


methoxamine were used as needed to combat hypotension and 
reflex tachycardia to maintain blood pressure at the preni- 
troglycerin level.’~!° Eight dogs served as a control group and 
had only saline infusions during the 6 hours between coronary 
occlusion and death. 

Technetium pyrophosphate scintigraphic infarct siz- 
ing: Fifteen mCi of technetium-99m stannous pyrophosphate 
was injected intravenously 5 hours after occlusion (1 hour 
before death). The animals were killed with rapid intravenous 





administration of an overdose of barbiturate. Infarct sizing 
was performed using scintigraphic analysis of the left-ventricle 
excised at necropsy (Fig. 2). The ventricle was first opened 
along the posterior interventricular groove and placed flat on 
the gamma camera. The cut edges were then reappreximated 
and the ventricle was sliced serially, parallel with the minor 
ventricular axis, at 1 cm intervals to produce six or seven slices. 
These were weighed and placed directly on an Ohio Nuclear 
scintillation camera with a low energy, high resolution colli- 
mator. Fifty thousand to 100,000 counts were collected over 
a 15 to 45 minute period. The data were recorded with Po- 
laroid® photographs of the cathode ray tube display and were 
also stored in histogram format as digitized images. The im- 
ages were further processed with a Hewlett-Packard 5407 
scintigraphic data analyzer and, after background subtraction, 
were printed out with the count density distributed over a 14 
level gray scale (Fw. 3). Infarct size per myocardial slice was 
measured using planimetric determination of the proportion 
of surface area with increased nuclide activity. The total 
percent of left ventricle that was infarcted was computed as 
the sum of the percent of increased nuclear activity in each 
slice proportional to the total weight of the slice.!! 

Echocardiographic wall motion analysis: This analysis 
was accomplished by marking the border of the abnormally 
moving segment on end-diastolic long axis and short axis 
views. Abnormal motion was defined as hypokinesia, akinesia 
and dyskinesia. The border was determined by viewing the 
recorded area of interest, in motion, several times. Three short 
axis views were used: at the level of (1) the mitral valve, (2) the 
papillary muscles, and (3) the apex just below the papillary 
muscles. 

A light pen system was used to enter these contours into a 
Hewlett-Packard 2100 computer. This quantified major and 
both minor axes of the left ventricular.image. Tota! left ven- 
tricular endocardial surface area was computed using a 16 slice 
(truncated cone) approximation for the left ventricular body 
with a truncated ellipse of revolution as a mathematic ap- 
proximation for the apex. The abnormally moving surface area 
was calculated in two stages. Proceeding from the apex to the 
base, all surface area increments were added to one storage 
register for “total abnormal motion" (Fig. 4). As soon as the 
computer program encountered any normally moving area in 
the long axis view (plane A, Fig. 4), the “total abnormal mo- 
tion" register was closed and a new register for “partial ab- 
normal motion” was opened. Still proceeding in eross-sec- 
tioned increments from apex to base, the computer program 
summed and stored in this second register all left ventricular 
surface area from the appearance of partial normal motion 


FIGURE 2. Method of infarct diagnosis 
C and quantification. The excised left 
ventricle (a) is sliced along the poste- 
rior interventricular groove and placed 
flat (b) on the scintillation camera, 
yielding an unprocessed result (c). It is 
then reapproximated and sliced in 
"breadloaf' fashion along its short axis 
(d), yielding slices (e) with unpro- 
f cessed scintigrams such as that in 


(f). 
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FIGURE 3. Computer-processed scintigraphic 
output (a) of infarct portrayed in Figure 1, c, and 
processed output (b) of scintigram shown in 
Figure 1, f. 


until the appearance of entirely normal motion (the area be- 
tween planes A and B, Fig. 4). The left ventricular surface area 
moving abnormally was arbitrarily estimated by adding half 
of the “partial abnormal motion” register to the “total ab- 
normal motion” register, that is, adding half of the surface area 
between planes A and B to the ventricular surface area to the 
left of plane A. 

Statistical analysis: Statistical correlation between extent 
of wall motion abnormalities and infarct size was performed 
using standard linear regression techniques. Comparison 
between motion abnormalities at 20 minutes and 5 1/2 hours 
after occlusion was done by paired Student's t test within each 
group (phenylephrine, control, nitroglycerin). Comparison 
among the three groups for infarct size differences was ac- 
complished using one-sided analysis of variance. 


Results 


Nineteen dogs had myocardial infarction and sur- 
vived through the entire experimental protocol until 
they were killed 6 hours after coronary occlusion. Five 
dogs had entirely normal wall motion during the ex- 
perimental protocol, were killed at 6 hours and had no 
infarction as assessed with left ventricular scintigraphy. 
One dog had normal wall motion according to one ob- 
server and mild wall motion abnormalities according to 
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FIGURE 4. Method of computing total and partial abnormally moving 
(shaded) left ventricular surface area with two dimensional echocar- 
diography (see text). 
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a second. There was no infarction at postmortem ex- 
amination; this was the only false positive study. One 
dog died 2 hours after occlusion because of an acute 
arrhythmia and infarct sizing at postmortem study 
could not be accomplished. In one other dog the snare 
had loosened and the string was unobtainable in sub- 
cutaneous tissue on the day of the experimental proto- 
col. The protocol was carried out in this dog as planned, 
with the exception of coronary occlusion. This dog 
showed normal left ventricular motion throughout the 
6 hour protocol and no infarct at postmortem exami- 
nation. The distribution of these dogs among the three 
treatment groups is shown in Table I. 

Infarct size: The sizing procedure using two di- 
mensional echocardiography could be completed in less 
than 1 hour after completion of the videotape recording. 
Variability between two independent observers mea- 
suring the two dimensional images was judged from 
either a correlation coefficient of r = 0.93 (P «0.001) or 
a difference between the two observers of 4.1 + 1.2 
percent (mean + standard error of the mean) for a mean 
measurement of 35 percent. 

There was a good correlation between the proportion 
of left ventricular endocardial surface area moving ab- 
normally as quantified with two dimensional echocar- 
diography before death (5 1/2 hours after occlusion) and 
infarct size at postmortem examination (Fig. 5) (r = 
0.82, P «0.001, no. = 19). If we include the six animals 
without infarction, this correlation improves (r = 0.90, 
P «0.001, no. = 25). 


TABLE | 
Results in 27 Animals 


Experimental Results 


Occluder 
Failure, 
No No 
Infarc- Infarc- Infarc- Died 
Group tion tion tion of VF 
Control 5 2 0 1 
(no. — 8) 
Nitroglycerin 9 2 0 0 
(no. = 11) 
Phenylephrine 5 2 1 0 
(no. = 8) 
Total 19 6 1 1 


VF = ventricular fibrillation. 


August 1979 The American Journal of CARDIOLOGY Volume 44 259 


INFARCT SIZE BY ECHO—MELTZER ET AL. 


60 e 
% 50 
ABNORMAL 
WALL 5. 
MOTION 





0 3'0 4'0 
INFARCT SIZE 


FIGURE 5. Relation between extent of abnormal wall motion by two 
dimensional echocardiography at 5 1/2 hours postocclusion and infarct 
size at postmortem by technetium pyrophosphate scintigraphy (in 
percent of total left ventricle) in the 19 dogs with infarction surviving 
to sacrifice. The line of identity (y = x) is shown. n = number of dogs; 
p — probability; r — correlation coefficient. 


Infarct sizes determined with technetium pyro- 
phosphate in dogs given nitroglycerin (27.8 + 5.9 per- 
cent of the left ventricle) tended to be smaller than in- 
farct sizes in control dogs (40.5 + 5.3 percent) and were 
smaller at the P = 0.06 level than infarct sizes in dogs 
given phenylephrine (52.0 + 5.0 percent), as assessed 
using one-sided analysis of variance. 

Wall motion abnormalities: The extent of wall 
motion abnormalities was similar among the three 
treatment groups 20 minutes after occlusion, just before 
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the drug interventions were begun. The extent of mo- 
tion abnormalities remained constant over the three 
measurement periods (20 minutes, 40 minutes and 5 1/2 
hours after) in control dogs, but they increased signifi- 
cantly from 20 minutes to 5 1/2 hours in the phenyl- 
ephrine group (no. = 5, P <0.05) and decreased over the 
same period in the nitroglycerin group (no. = 9, P 
<0.025) (Fig. 6). 


Discussion 


Infarct sizing techniques: To assess optimally the 
effect of an intervention on the course of acute myo- 
cardial infarction, an infarct sizing method should be 
rapidly and accurately performed, applicable within the 
first few minutes of hospitalization, and easily re- 
peatable over the first few hours during therapeutic 
intervention. Few of the infarct sizing techniques now 
in use meet these criteria.!?-7?? Both our laboratory and 
the group at Cedars-Sinai Medical Center???! have 
found that two dimensional echocardiography can 
rapidly and noninvasively visualize left ventricular wall 
motion abnormalities in experimental canine infarction. 
Both groups agree that the quality of the images is 
sufficient to allow quantification of endocardial motion. 
We have obtained good quality images of the entire left 
ventricular endocardium in all 40 dogs examined under 
different protocols in our laboratory.? The preparation 
Is stable, with no spontaneous wall motion abnormali- 
ties developing during the 6 hour experimental period 
in the absence of coronary occlusion. The extent of wall 
motion abnormalities after coronary occlusion also is 
stable in the absence of any intervention from ap- 
proximately 10 minutes after occlusion until the animal 
is killed. 


INFARCT 
SIZE 
(% of LV) 


FIGURE 6. Time course of systolic wall motion abnor- 
malities (SWMA) assessed with two dimensional echo- 
cardiography (left panel) and extent of infarct at post- 
mortem examination, mean + standard error of the mean 
(right panel). C = control group; LV = left ventricle; NTG 
— nitroglycerin group; PE — phenylephrine group. 
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Technetium pyrophosphate scintigraphy: early 
infarct sizing: Early quantification (that is, before 24 
hours) of infarct size using technetium compounds is a 
new application of an established radionuclide tech- 
nique. Successful quantification 6 to 10 hours after in- 
farction has been reported with the use of technetium- 
99m glucoheptonate for in vivo as well as in vitro 
imaging of experimental canine infarction.?? Techne- 
tium pyrophosphate scintigraphy can accurately 
quantify experimental infarction 1 to 2 days after in- 
farction.??3? Recently technetium pyrophosphate has 
been reported to identify positively human myocardial 
infarction within 4 to 8 hours after the onset of symp- 
toms.?4 This early identification may be based on the 
following: Technetium pyrophosphate accumulated 1.1 
times more in infarcted myocardium versus normal 
myocardium at 1 to 2 hours after infarction. This ratio 
was 7.2 by 5 to 8 hours after infarction, 9.7 by 12 to 16 
hours after infarction and 11.4 by 24 hours after in- 
farction.?? Technetium pyrophosphate uptake is more 
than five times the normal uptake in infarcted tissue 6 
hours after either ischemic?9 or electric?" injury. The 
radionuclide is concentrated in the edge of the infarct, 
and in vitro imaging with computer-processed output 
allows infarct border detection at this early stage (Fig. 
2 and 3). The lack of background noise from other tissue 
and bone in this in vitro model using isolated left ven- 
tricle gives good nuclide localization with accumulation 
of 50,000 to 100,000 counts compared with the larger 
number necessary for in vivo imaging. 

Two dimensional echocardiography: problems 
and limitations: Left ventricular endocardial surface 
area is not the only measure that can be calculated from 
two dimensional echocardiographic images for corre- 
lation with infarct size. Various groups have tried to 
correlate infarct size with regional ejection fraction,?? 
perimeter of abnormal contraction,?? and decrease in 
cross-sectional area from end-diastole to end-systole,?? 
using echocardiographic or angiographic data. We de- 
cided to use a surface area model because it seemed that 
this is a way to measure wall motion using the set of 
echoes that we see best and that have the highest am- 
plitude of motion: the endocardial echoes. In fact, this 
approach has proved adequate to quantify infarcts and 
detect differences due to interventions. Our present 
model does not use information obtained directly from 
the short axis view because several attempts to use these 
data in the initial 10 dogs did not improve the correla- 
tion obtained from the long axis alone. This finding is 
explained by the roughly symmetric nature of the ab- 
normal motion about the plane used for long axis 
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imaging. Possibly more effective use of short axis in- 
formation would give better results, and it is probable 
that such information would be needed if the wall mo- 
tion abnormalities were not symmetric about the plane 
of long axis imaging. A further problem with our method 
is that a given patch of endocardial surface area must 
be classified as either normal or abnormal by our 
mathematic model. This method ignores the difference 
in gradations of motion from hypokinesia to dyskinesia, 
which may reflect a gradation from subendocardial to 
full thickness infarction. 

As with any proposed new technique, there are cer- 
tain limitations to the use of two dimensional echocar- 
diography for assessing the effects of interventions to 
salvage ischemic myocardium. A major limitation is that 
this method shows the consequences of both myocardial 
Ischemia and necrosis in the form of wall motion ab- 
normalities. Certain other techniques, such as infarct- 
avid radiotracers, visualize infarctions more directly. 
Another problem with our method is that the mathe- 
matic models of left ventricular endocardial surface area 
have not been extensively developed and verified. We 
believe that our method might very well be improved 
by a better mathematic model. An encouraging fact is 
that an independently developed mathematic model for 
left ventricular surface area calculations from coronary 
arteriograms*? correlates well with our surface area 
calculations for both the entire left ventricular surface 
area and the area of abnormal motion (unpublished 
observation). 

Clinical application: A limitation to clinical appli- 
cation of the present method is the difficulty of echo- 
cardiographic visualization of all left ventricular seg- 
ments in all patients. Kisslo et al.*! reported that 82 
percent of 525 segments were obtained with two di- 
mensional echocardiography and deemed adequate for 
analysis in 105 consecutive patients undergoing angi- 
ography. Various technical advances are now being 
developed that promise both to improve the yield of 
usable images and to improve the image quality. Com- 
puter processing of improved two dimensional echo- 
cardiographic images promises to allow automated or 
semiautomated analysis of ventricular wall motion in 
the near future.^? With such improvements, quantifi- 
cation of wall motion abnormalities may be possible 
within minutes of hospital admission. 
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In isolated rabbit hearts with an experimental coronary arterial occlusion, 
epicardial ischemia was identified by reduced nicotinamide adenine di- 
nucleotide (NADH) fluorescence photography, a technique that detects 
areas of myocardial anoxia. Epicardial S-T segment mapping was per- 
formed to evaluate the S-T segment changes across an ischemic border 
defined by NADH fluorescence. After S-T segment mapping and perfusion 
with a fluorescein dye, serial selections of the hearts revealed that the 
ischemic area was transmural and the border was nearly perpendicular 
to the epicardial surface. As the epicardial ischemic border was ap- 
proached, S-T segment elevation was first detected 3.3 mm outside the 
ischemic border, and increased over a transition zone 7 mm wide. S-T 
segment negativity was not detected immediately outside the ischemic 
border. It is concluded from these studies that S-T segment changes give 
relatively imprecise definition of an ischemic border, and that S-T segment 
changes across an ischemic border are not consistent with those predicted 
by solid angle analysis. 


Reduced nicotinamide adenine dinucleotide (NADH) fluorescence 
photography is a technique that directly visualizes areas of myocardial 
ischemia.!-? When cells become hypoxic, the reducing equivalents fail 
to proceed through the intramitochondrial electron transport chain, and 
all components of the chain are progressively reduced.* The reduced 
pyridine nucleotide, NADH, accumulates.*^? NADH fluoresces when 
excited with ultraviolet light; oxidized NAD does not.? NADH fluores- 
cence can be photographed from the surface of the heart, thus delineating 
zones of epicardial anoxia. 

Epicardial S-T segment mapping has been used to demarcate areas 
of myocardial ischemia and to evaluate therapeutic interventions.9? In 
this study we measured epicardial S-T segment changes across an 
ischemic boundary as defined by NADH fluorescence photography. The 
study had two purposes: (1) to evaluate the spatial resolution of epi- 
cardial S- T segment mapping in the detection of an ischemic boundary; 
and (2) to relate the epicardial S- T segment changes across an ischemic 
border to solid angle analysis, a theory recently applied to epicardial S-T 
segment mapping.^-? 


Methods 


Hearts were rapidly excised from 16 rabbits anesthetized with sodium 
pentobarbital and were perfused at 37°C with Krebs-Ringer bicarbonate 
buffer containing 5 millimolar glucose and 2.5 millimolar Ca?* by the 
Langendorff perfusion technique.? The perfusate was equilibrated 
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with 95 percent oxygen and 5 percent carbon dioxide 
and filtered with a Millipore filter. Perfusion pressure 
was 80 torr. 

NADH fluorescence: Fluorescence photographs 
were taken with a Bronica S2A camera with a 75 mm 
focal length lens reversed to provide an image on the 
film 1.5 times actual size.2 A Wratten 2E filter was 
placed over the camera lens to allow transmission of 
NADH fluorescence in the 430 to 510 nanometer (nm) 
region. Photographs were recorded on Kodak? TRI-X 
film. 

Ultraviolet light excitation was provided by two 400 
joule xenon flash tubes (EG & G FX-47C3), one 
mounted on either side of the camera lens. The flash 
tubes were covered by Corning 5840 filters to provide 
330 to 380 nm excitation. 

In two hearts, temporary noose occlusions of the left 
coronary artery were performed in order to study the 
reversibility of the NADH fluorescence signal. Ten 
minutes' stabilization was allowed after temporary (1 
minute or less) occlusion before epicardial mapping 
studies were started. 

The hearts were exposed to air in all experiments. In 
preliminary studies, flushing the surface of the heart 
with nitrogen gas did not change the pattern or intensity 
of NADH fluorescence; we concluded that the diffusion 
of oxygen from air had a negligible effect on epicardial 
ischemia. 

Epicardial S- T mapping after coronary ligation: 
Unipolar epicardial electrograms were recorded from 
a hand-held probe that consisted of a 22-gauge platinum 
wire encased in a smoothly polished acrylic polymer. 
'The reference electrode was attached to the aortic 
cannula. The signals were amplified with a bandpass 
filter of 0.1 to 100 hertz and were recorded on photo- 
graphic paper (2.5 cm/mv). 

After control S- T segment measurements were made 
in 16 locations, a left coronary artery was ligated, usually 
the left anterior descending artery or a marginal branch 
of the left circumflex artery. Epicardial mapping was 
started 10 minutes after occlusion, and all observations 
were completed within 15 minutes. The electrode was 
repeatedly advanced from a distant nonischemic area, 
across the ischemic border and into the center of the 
ischemic area. An NADH fluorescence photograph was 
made at each electrode logation to record the position 
of the electrode and the ischemic area. When the isch- 
emic zone was confined to the left ventricular free wall, 
the entire perimeter of the ischemic area was studied. 
For apical ischemic areas, only the ischemic boundary 
on the anterior free wall was studied. Thirty-six to 48 
observations were recorded from each heart. In addi- 
tion, the heart was slowly scanned with the electrode 
while electrograms were continuously recorded in order 
to check for discontinuities. Epicardial mapping was 
also performed over the right ventricle and posterior left 
ventricle, although NADH fluorescence photographs 
were not made in these areas. 

The S-T segment voltage deviation was measured 80 
msec after the onset of the QRS complex, or approxi- 
mately 40 msec after the end of the QRS complex. 


Measurements were made to the nearest 50 uv and the 
P-R segment was taken as an iscelectric reference line. 
An NADH fluorescence photograph was taken encom- 
passing both the ischemic zone and the probe. The 
distance was measured on the enlarged photograph 
from the center of the electrode to the nearest ischemic 
border; the resolution of the measurement was +1/2 
mm. 

Serial sectioning of the heart: After mapping, 
hearts were perfused with a solution of 5 percent glyc- 
erol and 1 percent of a saturated fluorescein dye solution 
for 5 seconds and then quickly frozen by abruptly 
plunging them into liquid nitrogen in order to fix the 
NADH signal and minimize diffusion of the dye. Mul- 








FIGURE 1. NADH fluorescence photographs recorded during two 
temporary occlusions of a left coronary artery. See text for details. 
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tiple cross sections were taken through the frozen heart 
at 200 u increments. The cross sections were photo- 
graphed through a Wratten no. 16 filter that selected 
the fluorescence from the fluorescein. 

With use of a Hewlett-Packard 9825 computer sys- 
tem, the nonperfused area was digitized from photo- 
graphs of the cross sections. The width of the ischemic 
border was measured by dropping lines perpendicular 
to the epicardial surface to the edges of the ischemic 
border, and measuring the width between the lines on 
the epicardial surface. The angle that the ischemic 
border made with respect to the epicardial surface was 
measured by fitting a straight line across the ischemic 
border. The width and angle of the ischemic border were 
measured at 12 to 16 locatiohs in each heart. 

The S-T segment voltage versus distance data were 
compiled using a histogram program. The cell width was 
1 mm. The data are presented as the mean distance for 
each cell versus the S-T segment voltage (mean + 
standard error of the mean). 





Sd 


FIGURE 2. NADH fluorescence photography and epicardial S-T segment 
mapping. The ischemic area is light grey from NADH fluorescence. The 
electrogram on the bottom was recorded as the electrode was swept 
down across the ischemic border, along the path marked with the 
line. 
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Results 


NADH fluorescence photography: Epicardial ischemic 
areas were directly visualized in 16 isolated rabbit hearts by 
NADH fluorescence photography. Figure 1 is a series of flu- 
orescence photographs recorded with a temporary noose oc- 
clusion. In a control nonischemic heart (panel A), epicardial 
fat and connective tissue (aorta) fluoresce brightly as a result 
of unidentified fluorochromes. The oxygenated myocardium 
is uniformly dark, indicating minimal fluorescence. Panels B 
and C reveal epicardial NADH fluorescence after 15 seconds 
of noose occlusion of a coronary artery and the return to 
control fluorescence after 60 seconds of reperfusion. The 
fluorescence signal is rapidly reversible. In panel D, taken after 
15 seconds of reocclusion, the amplitude and pattern of 
NADH fluorescence is similar to that in panel B; the NADH 
fluorescent ischemic process is reproducible. Panels E and F 
depict increasing NADH flourescence after 30 seconds and 
1 minute of ischemia, respectively; the ischemic area becomes 
more uniformly fluorescent. Panel G again demonstrates the 
reversibility of this process and the return of minimal fluo- 
rescence after 60 seconds of reperfusion. Throughout our 
studies on epicardial mapping (10 to 15 minutes), the fluo- 
rescence pattern from the ischemic area remained unchanged 
in intensity and distribution. 

Epicardial S-T segment mapping: This mapping was 
performed simultaneously with NADH fluorescence pho- 
tography (Fig. 2). The line in Figure 2 shows the path of the 
electrode as it scanned across an ischemic border; the insert 
demonstrates the electrogram recorded during the scan. Little 
S-T segment deviation (+0.15 mv) was recorded over nor- 
moxic tissue, and a smooth transition to S- T elevation was 
seen as the ischemic border was crossed. 

Characteristics of the ischemic area: Figure 3 represents 
four cross sections through the ischemic area of the heart 
shown in Figure 2. The cross sections are at 0.6 mm increments 
and begin just below the ligature. The perfused areas are light, 
indicating intravascular fluorescein dye. The ischemic area 





FIGURE 3. Cross sections of a frozen heart after perfusion with a flu- 
orescein solution. The perfused areas are light. 
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is homogeneous and transmural, and its edges are approxi- 
mately perpendicular to the epicardial surface. 

The border between the perfused and nonperfused area was 
slightly irregular. The mean width of the border, as measured 
perpendicular to the epicardial surface at 12 to 16 sites in each 
heart, was 1.1 + 0.24 mm (mean + standard deviation). The 
angle the border made with the nonischemic epicardial surface 
was 84 + 6°. 

In five hearts the ischemic area was confined to the anterior 
free wall of the left ventricle. Epicardial mapping and ana- 
tomic measurements were made around the entire perimeter. 
The ischemic volume for these hearts was 0.72 + 0.25 cm?. In 
11 hearts, the ischemic area was apical and involved the an- 
terior free wall, the apex and the distal septum. In these hearts 
the ischemic volume was larger (1.31 + 0.21 cm?, P « 0.005) 
and only the ischemic border confined to the free wall of the 
left ventricle was studied with epicardial mapping. The 
ischemic area as measured with single view NADH photog- 
raphy was similar in the apical (1.1 cm?) and the free wall 
experiments (1.0 cm?) (difference not significant). 


S-T segment mapping versus NADH fluorescence: 


Figure 4A shows the composite results of S- T segment map- 
ping across an ischemic border in all hearts (541 measure- 
ments). As the ischemic border is approached, an increase in 
S-T segment voltage is measured 3.3 mm outside the ischemic 
border. The voltage at that point and at each of the points 
closer to or within the ischemic border are distinct from 
baseline values (more than 4 mm from the border) (P «0.001). 
S-T segment voltage increases as the ischemic border is 
crossed and peaks 3.7 mm within the ischemic border. The 
voltage then decreases. The S-T segment voltage more than 
5 mm within the border (2.7 + 0.32 mean + standard error of 
the mean) is lower than at the peak (1.8 to 3.6 mm) within the 
epicardial NADH fluorescence border (3.7 + .23 mv) (P 
<0.02). 

S-T segment voltage was positive outside the ischemic 
border. The absence of S-T negativity could not be attributed 
to a deviation in the control levels of S-T segment voltage, 
recorded before coronary occlusion. The control voltage was 
0.16 mv and was not different from the baseline values, more 
than 4 mm outside the ischemic border (0.26 mv) (P >0.2). 

Apical ischemic areas (Fig. 4B) were distinguished from 
ischemic zones confined to the anterior free wall (Fig. 4C). For 
the apical experiments, the distribution of S-T segment 
voltage was similar to that seen for all the experiments (Fig. 
4A). In the five experiments in which the ischemia was con- 
fined to the free wall (Fig. 4C), the S- T segment voltage within 
the ischemic area (1.3 + .14 mv) was lower than that seen in 
the areas of apical ischemia (3.9 + 0.09 mv) (P «0.001). The 
mean S-T segment voltage at which the epicardial NADH 
fluorescence ischemic border is crossed was also lower (0.9 
versus 2.9 mv). Because of irregularities in the distribution of 
S-T segment voltage within the ischemic border it is difficult 
to comment on the width of a transition zone for the free wall 
ischemic experiments. 

In an attempt to improve the delineation of the ischemic 
border by S-T segment voltage measurements, the composite 
results for all experiments were analyzed in terms of a percent 
maximal S-T segment voltage (Fig. 4D). With use of this 
strategy the width of the transition zone decreased to 4.0 mm 
(+2.2 mm to —1.8 mm), but the values from each experiment 
were, of necessity, normalized for those observations. 


Discussion 
NADH Fluorescence Photography 


NADH fluorescence is a sensitive marker of tissue 
anoxia.?^? Nicotinamide adenine dinucleotide (NAD) 


a component of the electron transport chain in the mi- 
tochondria and, when anoxia interrupts electron 
transport, NAD becomes reduced. In experiments in 
which mitochondrial suspensions were titrated against 
a decreasing oxygen tension, Chance and co-workers^.19 
demonstrated that NAD is 50 percent reduced at an 
intramitochondrial oxvgen tension (0.05 torr) at which 
the mitochondrial energy linked functions (such as the 
phosphorylation of adenosine diphosphate [ADP] to 
adenosine triphosphate [ATP]) are half-maximally 
disabled from hypoxia. The labile myocardial NADH 
fluorescence derives almost entirely from the pyridine 
nucleotide pool in the mitochondria and a negligible 
fraction (less than 5 percent comes from NADH in the 
cytosol).!! Thus, areas of the heart with significantly 
increased NADH fluorescence levels are also areas that 
are functionally ischemic, that is, regions that no longer 
have sufficient oxygen to supply adequate ATP for 
normal cardiac function. 

Transition from normoxic to anoxic tissue: The 
edges of the NADH fluorescent areas are sharp; typi- 
cally, the distance between minimal and full NADH 
fluorescence is less than 100 u.!-3 There is evidence that 
the transition from normoxic to anoxic ti§sue is similarly 
abrupt in an ischemic border. Experiments by Wil- 
liamson et al.? demonstrated that with a gradual re- 
duction in oxygen delivery to a rat heart, no detectable 
volume of tissue had an oxygen tension between 10-9 
to 107* molar, which corresponds to fully aerobic and 
anaerobic mitochondrial states respectively. Théy 
concluded that in ischemic areas the normoxic/anoxic 
transition occurs over a very small distance and that 
separate myocardial cells are likely to be in either the 
fully aerobic or the anaerobic státe. In isolated rabbit 
hearts with ischemic areas we!? measured the distance 
between perfused tissue and anoxic tissue arid found it 
to be 250 u. This evidence indicates that during acute 
ischemia the NADH fluorescent border locates the 
ischemic boundary and the area of transition from 
normoxic to anoxic tissue to within a fraction of a mil- 
limeter. 

Prediction of ischemia by NADH fluorescence: 
With prolonged ischemia, NADH fluorescence predicts 
structural damage to the myocardium. After 1 hour of 
ischemia, areas of full NADH fluorescence displayed 
on electron microscopy marked ischemic damage such 
as severe glycogen depletion and edematous mito- 
chondria with disrupted cristae.!? Areas with minimal 
NADH fluorescence demonstrated normal uKrastruc- 
ture. A zone of intermediate ultrastructural damage was 
identified in 1 mm biopsy sections on the border be- | 
tween NADH fluorescent and nonfluorescent myocar- 
dium.!? 

The NADH fluorescence signal can be readily and 
repeatedly detected on the epicardial surface without 
impairing cell tissue function. It has been used to study 
the effects of ischemia in a variety of organ systems in 
different species.'^!^ With use of a brief intense source 
of ultraviolet light, the oxidation/reduction state of an 
entire cardiac surface can be simultaneously photo- 
graphed.!-?.!? 

Limitations of method: NADH fluorescence pho- 
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tography has several drawbacks. Hemoglobin sub- 
stantially interferes with the fluorescence from 
NADH.!6 The fluorescent signal can be recorded only 
from the exposed surfaee of the tissue, and it arises from 
a superficial layer, approximately 200 u thick.? These 
disadvantages were circumvented in this study by using 
an isolated heart perfused with a hemoglobin-free so- 
lution and by using an intravascular marker to indicate 
areas of perfusion, which allowed us to project the three 
dimensional aspect of the ischemic zone from the epi- 
cardial surface. 


S-T Segment Voltage and Ischemic Areas 


In this study of isolated nonworking rabbit hearts the 
ischemic borders had relatively perpendicular edges and 
were narrow; the geometry of the ischemic area could 
be different in working blood-perfused hearts of other 
species. Projected to the epicardial surface, the border 
between perfused and nonperfused tissue was 1.1 mm 
wide. The epicardial S-T segment voltage increased over 
a transition zone that was 7 mm wide and centered over 
the NADH fluorescence ischemic border. This transi- 
tion zone was substantially larger than could be ex- 
plained by irregularities in the width of nonperfused 
border, or by errors in measuring distance from the 
ischemic border. Hearse et al.!? recorded an S-T seg- 
ment voltage transition zone of 15 mm in the larger ca- 
nine heart. Kleber et al.!8 documented a 9 mm wide 
transition zone using intracellular recordings. 

Explanations for the wide S-T segment voltage 
transition: There are several possible explanations. In 
transmural ischemic areas, there are no major 
transmural extracellular potential gradients during the 
S-T and T-Q segments and, consequently, the extra- 
cellular current flow is directed parallel to the myo- 
cardial surface.!9 The epicardial electrode senses the 
potential gradients in the extracellular fluid that are due 
to current flow in that fluid. The wide S-T segment 
voltage transition zone across the ischemic border could 
represent the flow of current between the more distant 
and larger nonischemic areas and the smaller ischemic 
area. The S-T segment positivity, detected on the 
nonischemic side of the border, may result from the flow 
of injury current from more distant nonischemic areas. 
Another possible explanation for the S-T segment 
positivity outside the ischemic border is that the 
transmembrane potentials of the cells in that area are 
altered, perhaps because of changes in cell metabolism. 
Alternately, the wide S-T segment voltage transition 
could arise from passive or electrotonic!? current spread 
due to the cable properties of myocardial cells. In ven- 
tricular muscle the space constant is less than 1 mm 
during diastole? and is even shorter during systole?!; 
the cable properties of normal muscle would not account 
for the 7 mm wide transition that we noted. However, 
during ischemia the space constant could lengthen and 
account for the wide transition. Further studies of the 
electrical properties and transmembrane potentials of 
cells across a well defined ischemic border are indi- 
cated. 


Correlation with extent of ischemia beneath 
electrode: In our studies, homogeneous NADH fluo- 
rescence in the ischemic areas suggested uniformity of 
ischemia. The NADH fluorescence in the ischemic areas 
did not show irregular distribution as is seen shortly 
after coronary occlusion (Fig. 1) or with partial reduc- 
tion in coronary perfusion.'? However, the epicardial 
S- T segment voltage varied over the ischemic area and 
was influenced by distance from the ischemic border 
and volume of ischemic tissue. It is clear that the degree 
of S- T segment voltage does not correspond to the ex- 
tent of ischemia in the tissue immediately under the 
electrode. Many investigators have noted a discrepancy 
between the S-T segment voltage measured over isch- 
emic areas and independent markers of ischemic injury 
such as creatine phosphate depletion or lactate accu- 
mulation.722.23 

Drawbacks of S- T segment voltage for assessing 
ischemic process: The variability in S-T segment 
voltage over the ischemic area and the wide transition 
zone suggest difficulties in using S- T segment voltage 
as an indicator of the magnitude or margins of the 
ischemic process. No specific S-T segment voltage could 
be used as a threshold to identify reliably the boundaries 
of an Ischemic area. For example, in the composite re- 
sults (Fig. 4A), an S- T segment voltage of 2.4 mv was 
associated with crossing the ischemic border. If one uses 
that voltage as the threshold for identifying ischemia, 
then 81 percent of the points within the ischemic border 
in the free wall experiments would be judged nonisch- 
emic. When the experiments were analyzed in terms of 
a percent maximal S- T segment voltage for each ex- 
periment (Fig. 4D), the width of the transition zone 
associated with crossing the ischemic border decreased 
to 4.0 mm. These results suggest that normalizing the 
S-T segment voltage for each experiment may improve 
the spatial resolution in detecting an ischemic 
border. 


Solid Angle Theorem 


Recently, the solid angle theorem has been applied 
to epicardial and precordial S-T segment mapping.7-? 
With transmural ischemia, solid angle analysis predicts 
that the epicardial S-T segment voltage detected across 
an ischemic border should be biphasic. A maximal 
negative voltage should be recorded just outside the 
ischemic border, and a maximal positive voltage should 
occur just within the ischemic border.?* Our results do 
not confirm those predicted by the solid angle theorem. 
No negativity was recorded outside the ischemic border, 
and the absence of negative voltage could not be as- 
cribed to deviation in the control values of S- T segment 
voltage. Positive voltages were recorded outside the 
ischemic zones that involved the free wall and the sep- 
tum and outside ischemic zones confined entirely to the 
free wall of the left ventricle. As a consequence, a com- 
plex geometry of the ischemic area could not account 
for the absence of S- T segment negativity. Likewise, the 
absence of S-T segment negativity could not be attrib- 
uted to angulation of the ischemic border with respect 
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to the epicardial surface, because the angle of the isch- 
emic border was nearly vertical. A very obtuse angle 
with the nonischemic myocardium, such as an epicardial 
wedge, is required to reduce substantially S-T segment 
negativity outside the ischemic border.? If the ischemic 
border was wide, or if the potential differences across 
the border were diffused by electrotonus, the S- T seg- 
ment negativity would decrease but would not be 
eliminated.? 

A central assumption behind solid angle analysis is 
that the ischemic border is contained in the homoge- 
neous conductive medium of infinite extent.?* Inho- 
mogeneities in the conductive medium distort the 
electric field and can cause discrepancies from what is 
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predicted from solid angle analysis. S-T segment 
mapping is commonly performed experimentally on an 
exposed surface of the heart. The conductive medium, 
because of the tissue-air interface around the heart, is 
substantially inhomogeneous. Consequently, solid angle 
analysis may not be applicable to epicardial S-T seg- 
ment mapping. 
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Right ventricular function of patients with complete transposition of the 
great arteries may be impaired. To assess whether the M mode echo- 
cardiogram could predict right ventricular function 64 echocardiograms 
and ventricular angiograms of 62 patients were studied, 33 obtained before 
repair of the defect (group I) and 31 (including 2 from patients in group 
I) obtained after the Mustard procedure (group Il). Each group was sub- 
divided according to whether a ventricular septal defect or patent ductus 
arteriosus was or had been present preoperatively. 

The right ventricular preejection period was expressed as the ratio of 
the observed to the predicted value for a systemic left ventricle. This value 
was above normal in all groups and was not significantly different in the 
13 patients with right bundle branch block. The observed ejection time 
expressed as a percent of that predicted for a systemic left ventricle 
correlated with right ventricular ejection fraction (r — 0.47). The ratio of 
the observed preejection period/ejection time had a higher correlation 
with right ventricular ejection fraction (r — —0.70). Nine patients had a 
low right ventricular ejection fraction (an ejection fraction of 0.55 or less 
was considered indicative of poor right ventricular function). These nine 
patients were all in group Il and all had right bundle branch block. 

Most patients with poor right ventricular function had had a ventricular 
septal defect or patent ductus arteriosus before repair of the transposition, 
and postoperatively had angiographic tricuspid regurgitation, right bundle 
branch block, a preejection period/ejection time ratio greater than 0.55 
and a percent predicted ejection time of 96 percent or less. Most patients 
who had good right ventricular function (ejection fraction greater than 
0.55) had none of these findings. Systolic time intervals obtained with M 
mode echocardiography can be used for the assessment and longitudinal 
follow-up of right ventricular function in patients with transposition. 


The Mustard procedure of intraatrial baffle placement is commonly used 
for repair of complete transposition of the great arteries.! This procedure 
requires that the right ventricle continue to maintain the patient's Sys- 
temic pump function postoperatively. In some patients the right ventricle 
may be unable to do this, and many have right ventricular dysfunction.2-8 
In this study we attempt to determine whether right ventricular function 
can be assessed noninvasively through evaluation of M mode echocar- 
diograms. 
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Methods 


Patients: We studied data from children with transposition 
of the great arteries who underwent cardiac catheterization 
in this institution from September 1974 to July 1978. Each 
patient had undergone echocardiography and then ventricular 
angiography within 24 hours. Sixty-two patients had 64 
echocardiograms and angiograms satisfactory for right ven- 
tricular measurements: 33 had not yet undergone surgical 
repair (group I); 2 of these and 29 others underwent cardiac 
catheterization after Mustard repair (group II). Before July 
1, 1977 only patients who had symptoms of congestive heart 
failure underwent cardiac catheterization postoperatively in 
our institution. Since then we have routinely performed 
catheterization in all patients 18 months after the Mustard 
procedure. The informed consent of each patient's parent was 
obtained before each catheterization. 

We separated the patients into four groups: group IA, 26 
patients who had not undergone Mustard repair and who had 
no other systemic to pulmonary shunt except at the atrial 
level, produced by either a balloon septostomy or a septec- 
tomy; group IB, 7 patients who had not undergone Mustard 
repair and had either a ventricular septal defect or patent 
ductus arteriosus or both; group IIA, 16 patients who had 
undergone repair and who had had no ventricular septal defect 
or patent ductus arteriosus preoperatively; and group IIB, 15 
patients who had undergone repair and who had had a ven- 
tricular septal defect or patent ductus arteriosus, or both. 

Echocardiograms: On the day before catheterization, the 
patient's height and weight were recorded and the body sur- 
face area was calculated from a standard nomogram.? The 
patient then underwent M mode echocardiography in the 
supine or right anterior oblique position. Right ventricular 
end-diastolic dimension and wall thickness were measured 
at the peak of the R wave. The end-diastolic dimension was 
measured from the right septal surface to the right ventricular 
endocardium (Fig. 1). The right ventricular preejection period 
and ejection time were measured from the aortic valve echo 
recorded at 100 mm/sec (Fig. 1).!? Heart rate was determined 
from the R-R interval of this tracing. Tricuspid valve closure 
was defined as the abrupt cessation of posterior movement of 
the anterior tricuspid valve leaflet. The time from the onset 
of the Q wave in the electrocardiogram to tricuspid valve 
closure was measured in high speed recordings (75 to 100 
mm/sec). 

We calculated the following from the echocardiographic 
data: (1) end-diastolic dimension as a percent of that pre- 
dicted by the normal values of Rogé et al.!! ([end-diastolic 
dimension observed + end-diastolic dimension predicted] X 
100); (2) the measured right ventricular preejection and 
ejection times, each expressed as percent of the predicted 
values calculated for a normal left ventricle in children, by 
Golde and Burstin.!? These regression equations take into 
account the effect of heart rate and age on each value. The 
effect of the other variables such as right bundle branch block 
was then measured against these corrected values; (3) ob- 
served preejection period/ejection time ratio; and (4) pre- 
ejection period minus the interval between the Q wave and 
tricuspid valve closure, the isovolumic contraction period.’ 

Electrocardiograms: Each patient underwent electro- 
cardiography at the time of echocardiography. A right bundle 
branch block pattern was diagnosed in any patient whose QRS 
complex was more than 0.10 secorid in duration and who had 
a positive terminal conduction delay in lead V ;.!? 

Right ventricular angiograms: All patients were sedated 
before catheterization with an intramuscular injection of a 
mixture of chlorpromazine, promethazine and meperidine. '4 
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During the catheterization right ventricular angiograms were 
performed simultaneously at 60 frames/sec in the antero- 
posterior and lateral projections. A calibration grid was filmed 
during the catheterization with the tube position unchanged 
from that used during angiography to standardize magnifi- 
cation in 47 studies. End-diastolic and end-systolic ventricular 
borders were traced from corresponding angiographic frames 
from each projection. No extrasystolic or postextrasystolic 
beats were analyzed. These tracings were digitized with a Nova 
2/10 computer connected to a sonic pen. Right ventricular 
volumes were calculated according to Simpson's rule.!? 
Twenty to 40 slices were analyzed, depending on ventricular 
size. 

We calculated the following from the angiographic data: 
(1) ejection fraction ([end-diastolic volume — end-systolic 
volume] + end-diastolic volume); (2) end-diastolic volume/m? 
of body surface area; (3) end-systolic volume/m? of body 
surface area; and (4) right ventricular end-diastolic volume 
(as a percent of that expected from the nomogram of Graham 
et al.!^ [percent end-diastolic volume = (observed end-dia- 
stolic volume + predicted end-diastolic volume) X 100]). 

Only the ejection fraction could be calculated for the 17 
studies that lacked a standardization grid. A right ventricular 
ejection fraction of more than 0.55 was considered to indicate 
good function and one equal to or less than 0.55 was consid- 
ered to indicate poor function. 

Statistical analysis: Comparisons were made within each 
group. No comparisons were made between groups I and II 
because many patients in group II had undergone cardiac 
catheterization because they had congestive heart failure. 
Variance ratios were tested and, when significant (P «0.05), 
a Welch t test was used. Differences within the groups were 
considered significant at a value of P «0.05 according to t test 
for the following criteria: end-diastolic dimension, end-dia- 
stolic volume, percent predicted preejection period, percent 
predicted ejection time, observed preejection period/ejection 
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FIGURE 1. M mode echocardiograms showing methods of measure- 
ment. A, right ventricular (RV) wall thickness and end-diastolic di- 
mension (EDD); B, preejection period (PEP) and ejection time (ET). Ao 
— aorta. 
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time ratio, and ejection fraction. The correlation coefficient 
(r) between ejection fraction and each of the following criteria 
was calculated from the least squares fit linear regression 
analysis: percent predicted ejection time, preejection pe- 
riod/ejection time ratio, and preejection period minus the 
interval from the Q wave to tricuspid valve closure. All results 
are expressed as the mean + standard deviation. 


Results 


Echocardiograms (Table I): There were no signif- 
icant intergroup differences in the end-diastolic di- 
mension values. The percent predicted preejection pe- 
riod in the 13 patients with right bundle branch block 
(219 + 44 percent) was not significantly different from 
that of the 51 patients who did not have right bundle 
branch block (235 + 88 percent). The percent predicted 
preejection period for patients in group IIA (174 + 46 
percent) differed significantly (P <0.02) from that for 
patients in group IIB (215 + 36 percent). The preejec- 
tion period/ejection time ratio differed significantly (P 
<0.01) for these two groups (0.37 + 0.07, group ITA, 0.55 
+ 0.18, group IIB). 

Angiograms (Table II): All patients in group I had 
an ejection fraction greater than 0.55. The 19 patients 
in group II without right bundle branch block had an 
ejection fraction of 0.69 + 0.07; none had an ejection 
fraction of 0.55 or less. The 12 patients in group II with 
right bundle branch block (3 in group IIA, 9 in group 
IIB) had a mean ejection fraction of 0.50 + 0.10 (P 
<0.00002). The ejection fraction of 9 of these 12 patients 
was equal to or less than 0.55 (1 in group ITA, 8 in group 
IIB). Tricuspid regurgitation did not improve ejection 
fraction and was present in 6 of 9 patients with poor 
right ventricular function and in only 3 of 22 patients 
with good function. The end-diastolic volume was sig- 
nificantly larger (P <0.05) in group IIB (198 + 73 per- 
cent) than in group ITA (146 + 38 percent). 


Echocardiographic and Angiographic Correlations 


Percent predicted ejection time: For all 64 studies, 
the r value for the percent predicted ejection time versus 





TABLE | 
Echocardiographic Data 
Percent Percent Percent Observed 
Cases Predicted Predicted Predicted PEP/ET 
(no.) EDD PEP ET Ratio 
Group IA 6 
Mean 122 278 113 0.41 
+ SD 40 97 13 0.05 
Group IB 7 
Mean 143 224 116 0.40 
+SD 36 49 12 0.07 
Group IIA 16 
Mean 169 174* 107! 0.37 
+ SD 55 46 11 0.07 
Group IIB 15 
Mean 141 215° 95t 0.55 
+ SD 46 36 13 0.18 
* Probability ([ P] <0.02). 
t (P <0.01). 


EDD = end-diastolic dimension; ET = ejection time; PEP = pre- 
ejection period. 


ejection fraction was 0.47 (P <0.001) (Fig. 2). Except for 
one patient who had an ejection fraction of 0.55 and a 
percent predicted ejection time of 121 percent, patients 
with a percent predicted ejection time greater than 96 
percent had an ejection fraction greater than 0.55. Eight 
of the 14 patients with a percent predicted ejection time 
equal to or less than 96 percent had an ejection fraction 
equal to or less than 0.55. 

For patients in group II the r value was 0.62 (P 
<0.001). The percent predicted ejection time was 106 
+ 10 percent for the 22 patients in group Il with an 
ejection fraction of more than 0.55 and 89 + 13 percent 
for the 9 patients in group II with an ejection fraction 
equal to or less than 0.55 (P «0.001). 

Observed preejection period/ejection time ratio: 
There was a strong correlation (r = —0.70; P «0.001) 
between the preejection period/ejection time ratio and 
ejection fraction (Fig. 3). The correlation coefficient for 
the 13 patients with right bundle branch block was 
—0.62 (P «0.02). No patient with a preejection period/ 
ejection time ratio equal to or greater than 0.55 had an 
ejection fraction of more than 0.55 (Table III). Only one 
patient who had a preejection period/ejection time ratio 
of less than 0.55 had an ejection fraction equal to or less 
than 0.55 (preejection period/ejection time 0.41, ejection 
fraction 0.55). 

Isovolumic contraction time: The preejection pe- 
riod minus the interval from the Q wave to tricuspid 
valve closure showed no significant relation (P >0.05) 
to the ejection fraction. Four values were negative. 

End-diastolic dimension: There was no significant 
relation (P 70.05) between the end-diastolic dimension 
and the ejection fraction. 


Discussion 


The only model of a “normal” systemic right ventricle 
is that of isolated corrected transposition of the great 
arteries. We are unaware of any published reports of the 
right ventricular ejection fraction in a series of patients 
with this abnormality. Values derived previously for 
normal right ventricular ejection fraction have come 





TABLE lI 
Angiographic Data 
Percent 
Cases Predicted 
(no.) RVEF EDV 
Group IA 26 
Mean 0.71 172 
t SD 0.06 61 
Group IB 7 
Mean 0.65 238 
+ SD 0.06 54 
Group IIA 16 
Mean 0.68 146* 
+ SD 0.08 38 
Group IIB 15 
Mean 0.56 198* 
+ SD 0.14 73 





* (Probability [P] <0.05). 
EDV = end-diastolic volume; RVEF = right ventricular ejection 
fraction. 
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from patients with normally related great arteries. The 
lower limits of right ventricular ejection fraction ranged 
between 0.45 and 0.57.2:!5-!7 The systemic right ven- 
tricle has marked hypertrophy of its trabeculations. 
This results in greater cavity obliteration as assessed 
angiographically at end-systole and hence a high ejec- 
tion fraction may be measured. In our study we inter- 
preted a right ventricular ejection fraction of more than 
0.55 as indicating good function and one of 0.55 or less 
as indicating poor function. We did not attempt to de- 
fine normal right ventricular function in transposition 
in this study. Rather, we assessed the correlative value 
of echocardiography with angiography. Thus, the 
ejection fraction value of 0.55 is necessarily arbitrary, 
but it had value in the interpretation of our data. 

Right ventricular preejection period/ejection 
time ratio: The systemic right ventricle does not 
function in the same manner as the normal left ventri- 
cle. When analyzing the data of Hirschfeld et al.,!° we 
found a mean right ventricular preejection period/ 
ejection ratio of 0.43 (range 0.36 to 0.53) in patients with 
transposition. This value was greater than the estab- 
lished normal values for the left ventricle (mean 0.35, 
range 0.30 to 0.39)! and probably reflects the different 
response of the right ventricle to a systemic afterload. 
From our data it is clear that the preejection period/ 
ejection time is greater in patients with transposition 
mainly because of the marked increase in the preejec- 
tion period. 

Role of right bundle branch block: The percent 
predicted ventricular preejection period in our patients 
with right bundle branch block was similar to that in our 
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FIGURE 2. Piot of observed/predicted ejection time compared with right 
ventricular ejection fraction (RV EF). r — 0.47, P «0.001. 
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TABLE lll 


Preejection Period/Ejection Time (PEP/ET) Ratio 
Compared With Right Ventricular Ejection Fraction (RV EF) 
Greater Than 0.55 and 0.55 or Less 





PEP/ET 
Ratio 
«0.55 20.55 
RV EF >0.55 55 0 
RV EF <0.55 1 8 


other patients, and values in all patients were greatly 
prolonged. The lack of further prolongation of the right 
ventricular preejection period in right bundle branch 
block may be related to the site of the block.!??? Four 
patients with right bundle branch block had not un- 
dergone ventriculotomy or closure of a ventricular septal 
defect at operation. Therefore, it is possible that the 
bundle branch block pattern resulted from a diffuse 
ischemic injury to the myocardium rather than from 
damage to the origin of the main right bundle. These 
patients had had the longest cardiopulmonary bypass 
times at Mustard repair—106 + 25 minutes, versus 53 
+ 31 minutes in the others. A peripheral injury does not 
produce prolongation of the right ventricular preejec- 
tion period.!? Such a diffuse injury may also explain why 
so many of the patients with right bundle branch block 
had poor right ventricular function. 

Left ventricular ejection time: This interval 
shortens with decreasing left ventricular function.?! In 
our patients the right ventricular ejection time short- 


0.9 da 
I GROUP IA @ 
GROUP iB O 
0.8 GROUP IIA A 
' GROUP IIB A 
A A | 
l 
0.7 | 
a ê j: 
I 
O A 
= D$ I 
Ps A 
nn) oo at na dime UNE UST May m ym 
= I 
ul |o 
= 0.5 | A 99 @ 
D 
x 4^ 08 
| o 9 "MP dv 
À 
0.4 i 
l 
I 
| 
| 
0.3 | 
| 
| 
I 
i 
0.2 





0.3 0.4 0.5 0.6 0.7 0.8 0.9 


RV EF 
FIGURE 3. Plot of right ventricular preejection time/ejection time (RV 


PEP/ET) ratio compared with right ventricular ejection fraction (RV EF). 
r = —0.70, P <0.001. 
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ened similarly; the percent predicted ejection time, 
which is corrected for age and heart rate, correlated with 
the right ventricular ejection fraction (r = 0.47: P 
<0.001). The ratio of the observed preejection period/ 
ejection time had the best correlation with left ven- 
tricular ejection fraction.?? Similarly, in our patients, 
this ratio also had the best correlation with right ven- 
tricular function as assessed from the ejection fraction. 
This ratio has been shown to be independent of heart 
rate and age for both right ahd left ventricular func- 
tion.?*?* The values for the preejection period/ejection 
time ratio are easily obtained noninvasively without 
sophisticated instrumentation. ( 

Isovolumic contraction time: In the systemic left 
ventricle this interval has been related to various car- 
diovascular dynamic states.2° Our values for the Sys- 
temic right ventricle did not correlate with the angio- 
graphic ejection fraction. The isovolumic contraction 
time ideally should be measured with a system capable 
of dual M mode recordings.?9 Our results reflect the 
difficulties of obtaining comparable R-R intervals while 
assuming varying phases of respiration in young chil- 
dren. 

Right ventricular end-diastolic dimensions: 
These dimensions have been shown to be increased after 
the Mustard operation.2’ Right ventricular volumes 
have also been reported as decreasing.? In all our groups 
the echocardiographic end-diastolic dimension and 
angiographic end-diastolic volume were greater than 
normal. The end-diastolic volume was significantly 
larger in group IIB than in group ITA. The right ven- 


tricular minor dimension recorded in our patients with 
the M mode echocardiogram did not correlate with the 
angiographic ejection fraction. We had hoped to be able 
to derive a regression equation for right ventricular 
volumes from the minor dimension. However, the 
complex geometric shape of the right ventricle rendered 
this impossible, even when the ventricle was en- 
larged. 


Conclusion 


Right ventricular function in patients with complete 
transposition can be predicted reliably by echocardi- 
ography. In our study the right ventricular preejection 
period/ejection time ratio had the best correlation with 
angiographic ejection fraction and was independent of 
right bundle branch block. A right ventricular preejec- 
tion period/ejection time ratio of 0.55 or more identified 
eight of nine patients who had poor right ventricular 
function (ejection fraction of 0.55 or less). A preejection 
period/ejection time ratio of less than 0.55 indicated 
good function (ejection fraction greater than 0.55) in 55 
of 56 patients. Most patients with poor right ventricular 
function had associated anatomic malformations, had 
undergone prolonged cardiopulmonary bypass and had 
right bundle branch block and tricuspid regurgitation 
postoperatively. The long-term prognosis of patients 
with transposition depends greatly on the capacity of 
the right ventricle to function as a systemic ventricle. 
Echocardiography permits sequential noninvasive as- 
sessment of right ventricular function. 
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Right and left ventricular function was assessed at cardiac catheterization 
in 33 asymptomatic patients 0.5 to 11 years (mean 4.6) after the Mustard 
operation for complete transposition of the great arteries. Ages at oper- 
ation had ranged from 0.5 to 16 years (mean 4.2 years). Right ventricular 
function was assessed using videodensitometric determination of ejection 
fraction and ventricular volume data. Ventricular volumes were obtained 
by computerized video analysis utilizing Simpson's rule. The right ven- 
tricular ejection fraction was 37 + 11 percent (standard deviation), as 
assessed with videodensitometry and 42 + 10 percent as assessed with 
ventricular volume—both values less than normal (P <0.001). Right 
ventricular end-diastolic volume was significantly greater than normal 
(P <0.001) and averaged 202 + 70 percent, but left ventricular end- 
diastolic volume averaged only 125 + 53 percent. These observations 
after the Mustard operation indicate that right ventricular function is se- 
riously decreased with relatively preserved left ventricular function. They 
support efforts for surgical correction utilizing the left ventricle as the 
systemic ventricie. 


Late results of the Mustard operation in patients with transposition of 
the great arteries include various hemodynamic abnormalities described 
in our recent report.! Depression of right ventricular function was 
demonstrated both before and after the Mustard operation in deter- 
minations of ventricular volume by Graham et al.? and by Jarmakani 
and Canent.? However, Godman et al.‘ did not find depressed right 
ventricular function in an assessment of contractility based on high fi- 
delity pressure recordings. 

In this study, we determined the extent of right ventricular dysfunc- 
tion in 33 patients who had had the Mustard operation, compared the 
function of the right and left ventricles and assessed the possible effects 
of patient age at operation and length of postoperative interval on the 
function of each ventricle. 


Methods 


Patients. Thirty-three patients with transposition of the great arteries who 
had undergone the Mustard operation between 1964 and 1975 (all but one at 
this institution) were evaluated with cardiac catheterization 6 months to 11 years 
(mean 4.6 years) postoperatively. The patients were considered asymptomatic, 
and their return for cardiac evaluation was occasioned by our request. At the 
time of operation the patients were 6 months to 16 years old (mean 4.2 years), 
and the ages at restudy were 1 to 24 years (mean 8.8 years). All but one of the 
patients were among those described in our previous report.! 

Preoperatively, 12 patients had an intact ventricular septum and 5 others had 
an intact ventricular septum but with pulmonary stenosis (gradient of 30 mm 
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Hg or more); 7 had an associated ventricular septal defect, 
and 9 others an associated ventricular septal defect with 
pulmonary stenosis. 

At restudy, catheterization demonstrated severe pulmonary 
vascular obstructive disease in 2 patients, complete heart 
block in 1, tricuspid insufficiency in 14 (mild in 8, more sig- 
nificant in 6), and small left to right or right to left shunts in 
11. Of the shunts, two were small ventricular shunts and nine 
were atrial, the largest being a 30 percent left to right atrial 
shunt. Although several patients were receiving cardiac 
medication, only one had a definite history of some exercise 
intolerance. The details of the clinical, exercise and cathe- 
terization findings were reported previously.! 

Cardiac catheterization: Patients were sedated with a 
mixture of 25 mg of meperidine (Demerol?), 6.25 mg of pro- 
methazine (Phenergan®) and 6.25 mg of chlorpromazine 
(Thorazine®). This was given intramuscularly in the amount 
of 1.2 ml/9 kg body weight. Some patients required additional 


TABLE | 
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sedation with halothane (0.5 percent or less) during the pro- 
cedure. Right and left cardiac catheterizations were completed 
in all but 1 of the 33 patients. The cardiac index was estimated 
using the Fick and the indocyanine dye indicator-dilution 
methods. 

Selective right and left ventricular cineangiograms were 
filmed at 60 exposures/sec, and simultaneous split-image 
anteroposterior and lateral views were recorded on 2 inch (5.08 
cm) videotape. Light pen tracings were made over the stop- 
action video disk displays of the biplane images. From these 
(using Simpson's rule) multiple video lines were digitized, 
providing more than 100 ellipsoidal segments of each view for 
computer calculation of ventricular end-systolic and end- 
diastolic volumes, based on the techniques described by Rit- 
man et al.? From those, the ventricular ejection fractions were 
calculated (stroke volume/end-diastolic volume). 

The cineangiographic right and left ventricular volumes 
and ejection fractions were compared with previously re- 


Right Ventricular Volume and Function: Late Results After Mustard Operation 
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Angiography 


: Dye & Fick 
At Late Restudy Densi- X Ventricular Volume (m) Stroke Stroke 
Case Age Postop Abnor- BSA tometry: End- End- Volume* EF Volume 
no. (yr) (mo) malities (m?) EF (96) Diastolic * Systolic* (ml) (%) Indexes (ml) 
Patients With Intact Ventricular Septum Preoperatively 
1 1 8 30% L-R 0.45 34 60 (133) 30 (67) 39 (67) 50 48; 67 
2 6 62 Mild PS 0.84 39 125 (148 67 (79) 58 (69) 46 89; 55 
3 4 14 TI 0.62 25 87 (140) 36 (58) 51 (82) 59 45; 37 
4 8 62 Mild TI, PVOD 0.83 39 81 (98) 39 (47) 42 (51) 52 54; 57 
5 4 40 SVCO, PVO 0.74 45 120 (162) 72 (97) 48 (65) 40 53; 72 
6 11 98 23% L-R, mild PS 1.11 57 173 (156) 96 (86) 77 (69) 45 62; 50 
7 6 24 SVCO, IVCO 0.83 39 72 (87) 39 (47) 33 (40) 46 33; 39 
8 5 46 SVCO, IVCO 0.66 39 72 (109) 45 (68) 27 (41) 37 34; 38 
9 6 46 PVO, IVCO 0.81 29 60 (74) 34 (42) 26 (32) 43 26; 31 
10 12 65 Mild PS 1.13 41 103 (91) 36 (32) 67 (59) 65 44; 41 
11 7.5 51 Mild TI 0.82 35 77 (94) 41 (50) 36 (44) 47 71; 49 
12 7 73 CHB 1.36 38 220 (162) 103 (76) 117 (86) 53 61; 46 
Patients With Intact Ventricular Septum and Pulmonary Stenosis Preoperatively 
13 6 40 PS mod 0.74 Pe ee A Ici Parrett. ee Se a jeu unas 
14 7 69 PS mild 0.87 29 134 (154) 87 (100) 47 (54) 35 52; 44 
15 4 41 PS mod 0.73 41 52 (71) 27 (37) 25 (34) 48 35; 49 
16 12 54 PS mild 1.22 30 118 (97) 75 (61) 43 (35) 36 37; 38 
17 6 49 PS mild 0.94 56 94 (100) 47 (50) 47 (50) 50 43; 49 
Patients With Ventricular Septal Defect Preoperatively 
18 4 33 T 0.72 29 95 (132) 58 (81) 37 (51) 39 48; 42 
19 11 62 TI, PVOD 1.23 23 297 (241) 259 (210) 38 (31) 13 23; 34 
20 5 20 Mild PS 0.74 33 84 (114) 50 (68) 34 (46) 40 48; 41 
21 3 24 VSD small 0.66 39 91 (138) 41 (62) 50 (76) 55 76; 41 
22 24 96 Jct rhythm 1.92 63 re | | Lu uu Fees A dd. 48; 48 
23 5 42 Mild TI 0.83 33 93 (112) 53 (64) 40 (48) 43 46; 48 
24 3 22 Mild PVO 0.62 29 123 (198) 92 (148) 31 (50) 25 41; 37 
Patients With Ventricular Septal Defect and Pulmonary Stenosis Preoperatively 

25 15 120 TI 1.59 14 420 (264) 268 (168) 152 (96) 36 67; 46 
26 10 74 PVO, PS 1.14 33 132 (116) 89 (78) 43 (38) 33 36; 30 
27 15 109 PS 1.68 22 215 (127) 134 (79) 81 (48) 38 51; 51 
28 19 133 Mild MI 1.54 45 177 (115) 77 (50) 100 (65) 56 56; 37 
29 18 88 TI 1.66 43 526 (317) 301 (181) 225 (136) 43 35; 39 
30 11 71 SVCO 0.98 20 184 (187) 118 (120) 66 (67) 36 43; 43 
31 13 60 TI 1.56 31 217 (139) 145 (93) 72 (46) 33 41; 30 
32 15 46 TI 1.74 54 239 (137) 128 (73) 111 (64) 46 32; 49 
33 6 29 Mild TI 0.93 40 85 (91) 49 (53) 36 (39) 42 33; 50 


* Figures in parentheses represent indexed values. 


BSA = body surface area; CHB 


= complete heart block; EF = ejection fraction; IVCO = 
= left to right shunt (atrial); MI = mitral insufficiency; mod = moderate; 


inferior vena caval obstruction; Jct = junctional; L-R 
PS = pulmonary stenosis; PVO = pulmonary venous obstruction; PVOD 
= pulmonary vascular obstructive disease; SVCO = superior vena caval obstruction; TI = tricuspid insufficiency; VSD = ventricular septal defect. 
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ported normal data, and the angiographic ventricular stroke 
volume indexes were compared with the values estimated with 
the dye-dilution and Fick methods. 

Videodensitometry: This was used as an independent 
technique to estimate right ventricular ejection fraction. This 
method—analogous to the radionuclide method— is based on 
estimation of the amount of contrast material in the ventricle 
and is independent of actual volume determination. Alter- 
ations of video contrast density relative to each stroke volume 
provide a basis for estimation of the ejection fraction. How- 
ever, it is not limited by previous concerns over the accuracy 
of right ventricular volume determinations. Details of the 
technique and its accuracy in laboratory animals have previ- 
ously been described.? Care was taken to use the same respi- 
ratory phase for this determination. Extrasystolic and 
postextrasystolic beats were not included. 

Statistical analysis: Statistical comparison of right and 
left ventricular volumes, stroke volume indexes, and ejection 
fractions utilized Student's paired t test. Analysis of variance 
was used for univariate comparisons between diagnostic 
groups. Correlations were computed between function of the 


TABLE Il 


right or left ventricle and age at operation or interval to 
catheterization. 


Results 


Stroke volume: Of the ventricular stroke volume 
indexes (Tables I and II), those derived from angiog- 
raphy were generally slightly but significantly greater 
(P «0.01) than those obtained with the Fick and indo- 
cyanine dye methods. 

Ejection fraction: Although the mean right ven- 
tricular ejection fraction derived from ventricular vol- 
umes was larger than that estimated with the video- 
densitometric method (42 + 10 percent versus 37 + 11 
percent; P «0.01), the mean value obtained with either 
method was below the normal mean of 65 + 8 percent 
(P «0.001). Right ventricular ejection fraction was 
significantly less than normal for the entire group and 
also for the subgroups based on individual diagnoses 
(Fig. 1). 


Left Ventricular Volume and Function: Late Results After Mustard Operation 


‘RE D C ROOMS OMM CC REN VE EUM AN RN 





Angiography Dye & Fick 
Ventricular Volume (ml) Stroke Stroke 
Case BSA End- End- Volume EF Volume 
no. (m?) Diastolic * Systolic * (ml) (96) Indexes (ml) 
Patients With Intact Ventricular Septum Preoperatively 
1 0.45 73 (162) 28 (62) 45 (100) 61 48; 97 
2 0.84 126 (150) 32 (38) 94 (112) 74 89; 51 
3 0.62 36 (58) 7 (11) 29 (47) 80 45; 37 
4 0.83 106 (128) 38 (46) 68 (82) 64 54; 57 
5 0.74 97 (131) 38 (51) 59 (80) 60 53; 72 
6 1.11 154 (138) 67 (60) 87 (78) 56 54; 57 
7 0.83 43 (52) 14 (17) 29 (35) 67 33; 39 
8 0.66 56 (85) 23 (35) 33 (50) 59 40; 38 
9 0.81 40 (49) 22 (27) 18 (22) 44 26; 31 
10 1.13 109 (96) 59 (52) 50 (44) 64 44; 41 
11 0.82 60 (73) 20 (24) 40 (49) 66 71; 49 
12 1.36 152 (112) 44 (32) 108 (80) 71 55; 55 
Patients With Intact Ventricular Septum and Pulmonary Stenosis Preoperatively 
13 0.74 29 (39) 15 (20) 14 (19) 48 44; 24 
14 0.87 72 (83) 33 (38) 39 (45) 54 v4 SOT 
15 0.73 55 (75) 8 (11) 47 (64) 84 35; 49 
16 1.22 83 (68) 32 (26) 51 (42) 61 37; 38 
17 0.94 61 (65) 13 (14) 48 (51) 78 43; 49 
Patients With Ventricular Septal Defect Preoperatively 
18 0.72 37 (52) 14 (20) 23 (32) 61 48; 42 
19 1.23 170 (138) 90 (73) 80 (65) 47 23; 34 
20 0.74 71(96) 24 (32) 47 (64) 66 "P 
21 0.66 40 (60) 15 (22) 25 (38) 62 we or 
22 1.92 223 (116) 154 (80) 69 (36) 31 47; 47 
23 0.83 69 (83) 19 (23) 50 (60) 72 48; 48 
24 0.62 37 (60) 11 (18) 26 (42) 70 41; 37 
Patients With Ventricular Septal Defect and Pulmonary Stenosis Preoperatively 
25 1.59 149 (94) 52 (33) 97 (61) 65 61; 46 
26 1.14 57 (50) 15 (13) 42 (37) 74 36; 30 
27 1.68 195 (116) 63 (37) 132 (79) 68 51; 51 
28 1.54 175 (114) 78 (51) 97 (63) 55 56; 37 
29 1.66 263 (158) 112 (67) 151 (91) 57 35; 39 
30 0.98 68 (69) 10 (10) 58 (59) 85 43; 43 
31 1.56 177 (113) 105 (67) 72 (46) 40 50; 30 
32 1.74 177 (102) 71(41) 106 (61) 60 32; 49 
33 0.93 46 (49) 18 (19) 28 (30) 61 47; 50 


* Values in parentheses represent index values. 
BSA = body surface area; EF = ejection fraction. 
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However, the mean left ventricular ejection fraction 
determined by the ventricular volume method (62 + 12 
percent) was normal, both in the series as a whole and 
in each of the subgroups. Individual values for left 
ventricular ejection fraction are plotted against body 
surface area in Figure 2. 

A comparison of the right and left ventricular ejec- 
tion fractions as determined with the ventricular vol- 
ume method and their respective normal ranges is il- 
lustrated in Figure 3. The left ventricular ejection 
fraction was higher, and centered within the normal 
range, whereas the right ventricular ejection fraction 
was statistically significantly less than normal. In this 
series, six patients had a significant degree of tricuspid 
insufficiency; and right ventricular function was rean- 
alyzed after exclusion of data from these patients and 
from patients with pulmonary vascular obstructive 
disease or complete heart block. Left ventricular func- 
tion was reanalyzed after exclusion of data from patients 
with left to right atrial shunt, pulmonary vascular ob- 
structive disease, severe pulmonary valve stenosis or 
complete heart block. These reanalyses showed again 
that right ventricular ejection fraction, as assessed with 
either the densitometric method (mean 38 + 10 percent) 
or the volume method (mean 43 + 7 percent), was sta- 
tistically less than normal (P <0.001), and left ven- 
tricular ejection fraction (mean 62 + 13 percent) was not 
significantly different from normal. 
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FIGURE 1. Right ventricular ejection fraction (RVEF) after the Mustard 
operation: scatter diagram of values obtained with the densitometric 
(DEN) method and values derived from ventricular volume (Vvol). Normal 
mean right ventricular ejection fraction (derived from volume) = 65 + 
8 percent (mean + standard deviation). Dashed lines mark + 2 standard 
deviations. Solid line is the line of identity. Symbols distinguish pre- 
operative diagnostic groups. PS — pulmonary stenosis; VS — ventricular 
septum; VSD = ventricular septal defect. 
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End-diastolic volumes: The mean right ventricular 
end-diastolic volume (202 + 70 percent of the normal 
mean value) was significantly greater than normal (P 
«0.001). Plotted against body surface area, nearly all 
of the individual values were above 125 percent of the 
normal mean (Fig. 4). When all of the patients with 
significant tricuspid insufficiency as well as the patient 
with complete heart block were excluded, the mean of 
the remaining values (186 + 58 percent of the normal 
mean value) was still significantly greater than normal 
(P «0.001). However, the exclusion of patients with 
tricuspid insufficiency resulted in a smaller mean right 
ventricular stroke volume index, so that the angio- 
graphic stroke volume index was no longer significantly 
different from the Fick and indicator-dilution data. 

The mean left ventricular end-diastolic volume was 
125 + 54 percent of the normal mean value (P <0.01); 
however, 58 percent (19 of 33) of the individual values, 
plotted against body surface area, decreased to within 
the 75 to 125 percent range (Fig. 5). Of the seven espe- 
cially high values, six may have been elevated, at least 
partly, by residual cardiovascular defects: left to right 
atrial shunts of 25 to 30 percent in two patients, severe 
pulmonary obstructive disease in two, ventricular septal 
defect with severe pulmonary valve stenosis in one and 
complete heart block in one. With these six cases ex- 
cluded, the mean of the remaining values was 110 + 37 
percent of the normal—not significantly elevated. 
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FIGURE 2. Left ventricular ejection fraction (LVEF) after the Mustard 
operation: values derived from ventricular volume (Vvol) and plotted 
against body surface area for comparison with normal values. Solid 
line indicates the normal mean left ventricular ejection fraction = —0.08 
BSA + 0.7 (+ 0.05 standard deviation), where BSA = body surface area 
in square meters. Dashed lines mark +2 standard deviation. Symbols 
and abbreviations as in Figure 1. 
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FIGURE 3. Ventricular ejection fraction after the Mustard operation as 
derived from ventricular volume (Vvol): scatter diagram of values from 
right and left ventricles (RVEF and LVEF). Solid line is the line of identity. 
Dashed lines mark the normal ranges (normal mean + 2 standard de- 
viation) for the two ventricles. Symbols and abbreviations as in Figure 
1. 
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FIGURE 5. Left ventricular end-diastolic volume (LVEDV) after the 
Mustard operation, expressed as percent of normal values and plotted 
against body surface area. Solid lines mark 75 and 125 percent of 
normal left ventricular end-diastolic volume (74.3 BSA'49, where BSA 
is body surface area in square meters). L-R — left to right; PVOD = 
pulmonary vascular obstructive disease; other abbreviations and 
symbols as in Figure 1. 
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FIGURE 4. Right ventricular end-diastolic volume (RVEDV) after the 
Mustard operation expressed as percent of normal values and plotted 
against body surface area. Solid lines mark 75 and 125 percent of the 
normal right ventricular end-diastolic volume (69.9 BSA '?7, where BSA 
is body surface area in square meters). Symbols and abbreviations as 
in Figure 1. 
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FIGURE 6. Right ventricular ejection fraction (RVEF) derived from 
ventricular volume (Vvol) after the Mustard operation, plotted against 
age at operation: there is no correlation (r = —0.198, P 70.1). Dashed 


lines mark the normal range. Symbols and abbreviations as in Figure 
1. 
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Age at operation and interval to catheterization: 
No significant correlation appeared between age at 
operation and right ventricular ejection fraction (Fig. 
6). However, left ventricular ejection fraction was found 
to be significantly negatively correlated (r = —0.526; P 
<0.01) with age at operation (Fig. 7). Age at operation 
was not significantly correlated with either right (Fig. 
8) or left ventricular end-diastolic volume; but only one 
patient was 6 months old or less at operation. Likewise, 
there was no significant correlation between these data 
and the interval from operation to catheterization (Fig. 
9 and 10). However, two patients of this series were 
subsequently noted to have had marked progression of 
their right ventricular dysfunction with the onset of 
clinical evidence of congestive heart failure. Patient 10 
had recatheterization elsewhere, which revealed marked 
right and left ventricular enlargement and decreased 
ejection fraction. Patient 19, with severe right ventric- 
ular dysfunction, later died. Two other patients (Cases 
23 and 25) died suddenly, of unknown cause. 


Discussion 


Right ventricular dysfunction after Mustard’s 
operation: These late postoperative findings indicate 
severe abnormality of right ventricular function (de- 
pressed ejection fraction, increased end-diastolic vol- 
ume) but fairly normal left ventricular function (normal 
ejection fraction, normal or slightly increased end- 
diastolic volume). The data are similar to those pre- 
sented by Graham et al.? and by Jarmakani and Can- 
ent,” whose studies additionally suggested preoperative 
depression of right ventricular function. In preoperative 
examination of patients with transposition of the great 
arteries, Jarmakani and Canent? found the mean right 
ventricular end-diastolic volume was 149 percent of 
normal among 14 patients with an intact ventricular 
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FIGURE 7. Left ventricular ejection fraction (LVEF) derived from ven- 
tricular volume (Vvol) after the Mustard operation, plotted against age 
at operation: there is a significant correlation (r = —0.526, P <0.01). 
Dashed lines mark the normal range. Symbols distinguish preoperative 
diagnostic groups. 
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septum and 210 percent of normal among 7 with a 
ventricular defect; but after the Mustard operation in 
6 patients the mean was 119 percent of normal. The 
mean right ventricular ejection fractions in the same 
groups were, respectively, 0.50 and 0.55 preoperatively 
and 0.45 postoperatively. Graham et al.,? studying right 
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FIGURE 9. Right ventricular ejection fraction (RVEF), derived from 
angiographic determinations of ventricular volume (Vvol) after the 
Mustard operation, plotted against interval from operation (surg) to 
catheterization (cath): there is no correlation (r — —0.102). Dashed lines 
mark the normal range (normal mean + 2 standard deviation). Symbols 
and abbreviations in Figure 1. 


ventricular function in 10 patients with transposition 
of the great arteries preoperatively and in 12 patients 
after the Mustard operation, found the mean end-dia- 
stolic volume reduced from 182 percent of normal to 123 
percent and the mean ejection fraction from 0.48 to 0.45. 
Their data did not suggest that right ventricular func- 
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tion deteriorates with time, and neither do the data from 
our larger series of patients restudied after a longer 
postoperative period. However, progression of right 
ventricular dysfunction in two patients suggests that 
in isolated cases rapid deterioration can occur. 

These findings differ from those of Godman et al.4 
and suggest that there is significant right ventricular 
dysfunction in asymptomatic patients after the Mus- 
tard operation. Previous investigators have similarly 
noted that, in evaluation of left ventricular function, 
contractile index using pressure-derived data were less 
sensitive than angiographic assessment of ejection 
fraction or simple measurement of end-diastolic pres- 
sure.!° The independent videodensitometric assessment 
of right ventricular ejection fraction also supports the 
accuracy of volume studies for assessment of right 
ventricular function. 

Causes of persistent right ventricular dysfunc- 
tion postoperatively: Clearly, right ventricular dys- 
function persists after the Mustard operation. Graham 
et al.* speculated that this untoward result might be due 
to histologic damage caused by long-term myocardial 
ischemia. Certainly the right ventricle, preoperatively, 
must withstand an overload of pressure and volume, and 
severe hypoxia in many cases. However, hypoxia may 
not be the only causative factor; if it were, one would not 
expect the left ventricular function to be as well pre- 
served as that in previous? as it was in our study and 
that of Graham et al.* Also, our study showed no sig- 
nificant correlation with right ventricular function and 
age at operation but suggested decreasing left ventric- 
ular function with later age at operation. A satisfactory 
explanation for preferential depression of right ven- 
tricular function is not yet established. 

Role of increased left ventricular afterload: AI- 
teration of right and left ventricular afterload only 
partly explains some of those observations. One might 
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expect that long-standing increased right ventricular 
afterload could precipitate right ventricular dysfunc- 
tion. Conversely one might argue that low left ventric- 
ular afterload might explain more normal left ventric- 
ular function postoperatively. Thus in an advanced 
state of ventricular failure a greater left ventricular af- 
terload might have precipitated more evidence of left 
ventricular failure (that is, increased left ventricular 
end-diastolic volume and decreased left ventricular 
ejection fraction) in some patients. However, review of 
the left ventricular ejection fraction in 14 patients with 
pulmonary vascular obstructive disease, pulmonary 
venous obstruction or pulmonary stenosis (all with in- 
creased left ventricular afterload) disclosed that 11 (79 
percent) had an ejection fraction within the normal 
range. Thus the higher left ventricular afterload has not 
resulted in left ventricular dysfunction, although it 
could occur theoretically. 

Function of the right ventricle as a systemic 
ventricle: There may also be intrinsic reasons why the 
right ventricle is less prepared to function as the sys- 
temic ventricle—its basic structure, its myocardial fiber 
array or perhaps differences in its pattern of contrac- 
tion. Early observations by Rushmer et al.!!:!” suggested 
such differences and related them to different physio- 
logic functions such as increased left ventricular after- 
load.!!!2 Such fundamental physiologic and structural 
differences could explain the poor function of the right 
ventricle as a systemic ventricle. Unfortunately, anal- 
ogous situations such as congenitally corrected trans- 
position of the great arteries (atrioventricular [A-V] and 
ventriculoatrial discordance) have not been analyzed 
over the long term to determine their right ventricular 
function as a systemic ventricle. Also, many of these 
have associated lesions such as ventricular septal defect 
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or anomalies of the left (tricuspid) A-V valve that may 
affect the ventricular function. 

The intraatrial baffle also may interfere with A-V 
valve function, causing tricuspid insufficiency and 
consequent right ventricular dysfunction. The left 
ventricle, having a lower pressure load, may be less 
vulnerable to these stresses. Previous echocardiographic 
studies!? have demonstrated marked diastolic flutter 
of both A-V valves in patients after the Mustard oper- 
ation, suggesting turbulent flow across the valves. Such 
long-term trauma to the valves could result in A-V valve 
dysfunction. 

Clinical implications: In the long term, significant 
depression of right ventricular function is likely to result 
in substantial diminution of cardiovascular reserve and 
reduction of survival. The relative preservation of left 
ventricular function in these patients and the left ven- 
tricle's normal capacity and function as the systemic 
ventricle suggest that it may function better as the 
systemic ventricle in patients with complete transpo- 
sition. We conclude that these observations support 
efforts to utilize the left ventricle as the systemic ven- 
tricle in correction of complete transposition of the great 
arteries. (Current practice requires adequate left ven- 
tricular preparation to tolerate systemic afterload.) 
Additional validation of this hypothesis awaits an as- 
sessment of ventricular function in patients with such 
correction as in the Rastelli!* and arterial switch oper- 
ations.15.16 
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Postoperative changes in the medial thickness of the small pulmonary 
arteries and the degree of pulmonary vascular disease were estimated 
histometrically and histopathologically in three cases of late death after 
total corrrection of complete transposition of the great arteries with large 
ventricular septal defect and pulmonary hypertension. In the postoperative 
course of two of the three cases extreme medial hypertrophy of the small 
pulmonary arteries as well as severe pulmonary vascular disease were 
found. In the third case, the thickening of the media was mild and pul- 
monary vascular disease had not pregressed owing to a residual ven- 
tricular septal defect. Examination of three additional cases of late death 
and 15 autopsy cases of complete transposition of the great arteries re- 
vealed that hypertrophy of pulmonary arterial media after radical surgery 
for complete transposition of the great arteries is a common phenomenon. 
In cases of complete transposition of the great arteries with severe pul- 
monary hypertension, the development of marked hypertrophy of the 
media accompanied by pulmonary vascular disease after total correction 
is usually seen and seems to be the most likely cause of death in the 
postoperative period. 


Complete transposition of the great arteries presents particular mor- 
phologic features of the pulmonary vascular bed that have hitherto been 
the focus of much attention.!-* Recently the results of complete surgical 
repair in this disease have been relatively favorable. However, the 
changes in the pulmonary vascular bed in the postoperative period are 
still unknown. 

In this study we made a histometric and histologic assessment of the 
pulmonary vascular bed in the lungs on biopsy and at autopsy in cases 
of complete transposition of the great arteries with severe pulmonary 
hypertension in order to compare the vessels in the preoperative and 
postoperative periods. 


Methods 


Patients: Lung biopsy specimens taken in three patients during surgical 
correction of complete transposition of the great arteries with large ventricular 
septal defect and severe pulmonary hypertension were compared with the lung 
specimens obtained at autopsy. These patients died 9, 4 and 9 months, respec- 
tively, after operation. In addition, the results of histometric measurement from 
a previous study? of 15 autopsy cases and 3 cases of late death after total cor- 
rection of transposition in patients aged 6 months to 5 years were used to evaluate 
postoperative changes in medial thickness in the small pulmonary arteries. 
Because physiologic changes in medial thickness can be seen for 5 months after 
birth,? patients less than 5 months old were excluded from this study. In the 
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FIGURE 1. Case 1. Top, muscular pulmonary arteries 
with hypertrophy in lung biopsy specimen. Bottom, 
markedly hypertrophied muscular pulmonary arteries and 
severe pulmonary vascular disease with plexiform lesions 
in lung autopsy specimen. (Top X50, bottom X 100, both 
reduced by 28 percent.) 





TABLE | 


Clinical Findings in Three Cases of Late Death After Surgical Correction of Complete Transposition of the Great Arteries with 
Large Ventricular Septal Defect 


Age (mo) 





Case Surgical At At Cause of Before Operation After Operation 
no. Procedure Operation Death Death PAP AoP PVR PAP AoP 

1 Mustard, 17 26 Progressive 88/56 86/56 14.4 90/30 95/40 
closure of pulmonary (70) (70) (50) (60) 
VSD vascular 

disease 

2 Mustard, 30 34 Pneumonia 84/50 84/40 12.0 50/25 75/35 
closure of (60) (60) (40) (58) 
VSD and PDA 

3 Mustard, 19 28 Pulmonary 75/30 80/55 11.9 55/40 90/60 
closure of venous (50) (63) (48) (70) 
VSD obstruction 





Values in parentheses indicate mean values. 
AoP = aortic pressure (mm Hg); PAP = pulmonary arterial pressure (mm Hg); PDA = patent ductus arteriosus; PVR = pulmonary vascular resistance 
(units); VSD — ventricular septal defect. 
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autopsy cases, nine patients had a large ventricular septal 
defect and six an intact ventricular septum. In the three cases 
of late death, one patient had a large ventricular septal defect 
and two patients had an intact ventricular septum. 

Pathologic examination: From the formalin-fixed and 
paraffin-embedded lung tissue of each lung biopsy specimen, 
histologic sections were cut at 3 u and every sixth section was 
retained in such a way that 150 sections per biopsy were 
available for study. From each of the three autopsy specimens 
about 30 blocks of lung tissue were excised from the same lobe 
from which the previous biopsy specimens had been taken. 
The sections were stained with Goldner’s trichrome combined 
with Weigert’s stain for elastic fibers. 

Grading of pulmonary vascular disease: The method 
described in our previous study was introduced to give arterial 
radii and medial thickness approximately corresponding to 
those in the living state.* The grading of pulmonary vascular 
disease was made according to the previously reported method 
using an index of pulmonary vascular disease.46 


FIGURE 2. Case 2. Top, muscular pulmonary arteries with 
hypertrophy and dilated elastic membranes in lung biopsy 
specimen. Bottom, muscular pulmonary artery with 
marked hypertrophy and destruction of the media in lung 
autopsy specimen. (X 100, reduced by 28 percent.) 


Results 


Clinical findings: Table I presents the clinical 
findings in the three cases of late death (4 to 9 months 
after operation) in which both lung biopsy and lung 
autopsy specimens were available. Autopsy demon- 
strated complete suturing of the intraatrial baffle and 
closure of the ventricular septal defect in Cases 1 and 
2. However, a residual ventricular septal defect, 10 mm 
in diameter, was found in Case 3. Furthermore, there 
was pulmonary venous obstruction caused by the in- 
traatrial pericardial baffle; this was thought to be the 
direct cause of death. 

Pathologic findings: The small pulmonary arteries 
in the lung biopsy specimens showed hypertrophy of the 
media (Fig. 1 and 2, top panels). The arterial walls ex- 
hibited little vasoconstriction and there was dilatation 
of arterial lumens. In lung autopsy specimens severe 
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pulmonary vascular disease, including marked hyper- 
trophy of the media of the small pulmonary artery was 
observed (Fig. 1 and 2, bottom panels). 

Histometric assessment of pulmonary vascular 
disease: Figure 3 shows the results of histometric esti- 
mation of pulmonary arterial walls from lung specimens 
obtained at biopsy and autopsy in the three cases. A 
significant positive correlation (P <0.001) was found 
between the pulmonary arterial radius (R) and the 
thickness of the media (D) in each case. The exponents 
of the two equations of these cases were almost the 
same, whereas their elevations were significantly dif- 
ferent (P <0.001). With regard to estimation, from the 
regression equations, the thickness of the media at a 
pulmonary arterial radius of 100 u, the lung biopsy 
specimens in Cases 1 to 3 had values of 11.8, 11.4 and 
11.4 u, respectively, compared with autopsy specimen 
values of 20.0, 20.7, and 14.1 u. The results indicated an 
approximately 1.8-fold postoperative increase in hy- 
pertrophy of the media in Cases 1 and 2 and only a 
1.2-fold increase in Case 3. Figure 4 presents compari- 
sons of the severity of pulmonary vascular disease in 
biopsy and autopsy specimens. The results indicate 
marked progression of pulmonary vascular disease in 
the postoperative period in Cases 1 and 2 but no post- 
operative progression in Case 3. 

General postoperative changes in medial thick- 
ness: We made histometric measurements in some cases 
and examined the correlation between the radii of the 
pulmonary arteries and medial thickness. The medial 
thickness of pulmonary arteries at a radius of 100 u was 
calculated from the regression equations (Fig. 5). 

In three additional cases of late postoperative death, 
the preoperative pulmonary arterial peak pressure was, 
respectively, 42, 50 and 60 mm Hg, the medial thickness 
at autopsy 17.2, 16.6 and 15.0 u and the index of pul- 
monary vascular disease 1.98, 2.14 and 1.78. The cause 
of death in these cases was pneumonia, infection around 
an implanted pacemaker and progressive sinus ar- 
rhythmia, respectively. The pulmonary arterial peak 
pressure measured in 15 additional autopsy cases 
ranged from 45 to 130 mm Hg. 

The mean medial thickness was 11.2 + 2.4 u in the 18 
patients who died either during or before operation 
(mean + standard deviation) and 17.4 + 2.7 u in the 6 


(96) 
100 


80 


FIGURE 4. The severity of pulmonary vascular disease 
in Cases 1 to 3. The index of pulmonary vascular disease 
(IPVD) and the ratio of the number of pulmonary arteries 
with each score to the total number of arterial sections 
in lung biopsy and autopsy specimens of each case are 
presented. Score 1 = no intimal reaction; score 2 = 
cellular intimal reaction; score 3 = fibrous proliferation 
of intima; score 4 = partial and total destruction of 
media. 
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FIGURE 3. Histometric assessment of the thickness of pulmonary ar- 
terial media (D) in Cases 1 to 3. The distance from the center of the 
lumen to the middle point of the muscular layer (R) and medial thickness 
(D) in the lung biopsy and autopsy specimens are plotted on a loga- 
rithmic coordinate system. 


patients who died late postoperatively. Thus, there is 
a significant thickening (P «0.001) of the media in pa- 
tients who died late postoperatively, and excessive 
medial hypertrophy after total correction of transpo- 
sition is a common outcome. 


Discussion 


Progression of pulmonary vascular changes 
postoperatively: Many cases of late death due to the 
development of pulmonary vascular disease after total 
correction of complete transposition of the great arteries 
(Mustard procedure) have been reported.^ ^? In our 
study we compared the degree of medial hypertrophy 
of pulmonary arteries using lung biopsy and autopsy 
specimens in three cases and found extreme medial 
hypertrophy in two of these cases postoperatively. 
Furthermore, we confirmed that in these two cases 
pulmonary vascular disease progressed markedly after 
total correction of the transposition. 

Comparison of the medial thickness of pulmonary 
arteries in these 3 cases with that in 15 cases of preop- 
erative or surgical death and in 3 additional cases of late 
death after total correction revealed that the thickness 
of the media in the cases of late death was significantly 
greater (P «0.001). The appearance of hypertrophy of 
pulmonary arterial walls and the development of pul- 
monary vascular disease after total correction seem to 
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MEDIAL THICKNESS ( 





PRE--OP POST-OP 


FIGURE 5. Postoperative change in the pulmonary arterial medial 
thickness (D) at a radius (R) of 100 u (Dr=100 „) in complete transpo- 
sition of the great arteries. POST-OP = cases of late death; PRE-OP 
— cases of preoperative or surgical death. * — Case 3 with a residual 
ventricular septal defect. 


be characteristic of complete transposition of the great 
arteries; with regard to their pathogenesis, we consid- 
ered the following hypotheses in view of the behavior 
of the small pulmonary arteries in this disease. 

Absence of medial hypertrophy preoperatively: 
role of hyperoxic blood: We previously studied^ hy- 
pertrophy of pulmonary arterial walls in relation to 
pulmonary arterial pressure. Even with an increase in 
pulmonary arterial pressure in transposition of the great 
arteries, there is almost no medial hypertrophy during 
the early postnatal period. However, after 5 postnatal 
months, a reaction of the muscular coat to increased 
intraarterial pressure is induced and hypertrophy be- 
gins to appear. The retarded or suppressed tendency 
toward medial hypertrophy does not disappear alto- 
gether; the thickness of the muscular coat attains only 
70 percent of that found in ventricular septal defect with 
a corresponding level of pulmonary blood pressure. 
Severe and early development of arterial lesions is at- 
tributed to the vulnerability of the relatively weak 
muscular coat in complete transposition of the great 
arteries. 

In 1968, Wagenvoort et al.! suggested that the cause 
of dilatation of small pulmonary arteries with atten- 
uated walls in complete transposition of the great ar- 
teries with intact ventricular septum is hyperoxic blood 
of the pulmonary circulation, which is characteristic of 
complete transposition of the great arteries. In our study 
as well, the three cases with large ventricular septal 
defect exhibited only slight vasoconstriction of the 
pulmonary muscular arteries, which may indicate ex- 
treme vasodilatation during life. Consequently, it is 
possible that medial hypertrophy does not easily occur 
even when there is an increase in pulmonary arterial 
pressure, because the pulmonary arteries are subject to 
extreme vasodilatation from birth. Hyperoxic blood of 


the pulmonary circulation is known to cause dilatation 
of the pulmonary vascular bed, and oxygen inhalation 
decreases pulmonary vascular resistance in congenital 
heart disease with pulmonary hypertension.? 'The hy- 
pothesis is also supported by the experimental work of 
Campbell et al.,!° who found that arterial blood com- 
pletely saturated with oxygen brought about vasodila- 
tation of pulmonary arteries. 

Beside these reports dealing with acute reactions, 
Vogel et al.!! found that children with ventricular septal 
defect at sea level where oxygen supply is plentiful have 
greater pulmonary blood flow and lower pulmonary 
vascular resistance than those at high altitude. This 
finding suggests that chronic hyperoxic blood of the 
pulmonary circulation is a factor contributing to vaso- 
dilatation. This suggestion is confirmed by our previous 
data‘ to the effect that hypertrophy of the pulmonary 
arterial media is suppressed for about 5 months after 
birth but begins to develop thereafter. Thus, suppressed 
hypertrophy of the media in complete transposition of 
the great arteries appears to be caused by the high 
oxygen saturation level of the pulmonary arteries for 
several months after birth due to decreased pulmonary 
vascular resistance in this period. 

In a case of complete transposition of the great arte- 
ries in which normal circulation is restored by complete 
surgical repair, the factor that suppresses medial hy- 
pertrophy or hyperoxic blood of the pulmonary circu- 
lation is excluded entirely. Therefore, it is very likely 
that medial hypertrophy rapidly progresses in reaction 
to high intraarterial blood pressure. 

Role of postoperatively reduced pulmonary 
oxygen saturation and pulmonary vasoconstriction: 
It is generally accepted that hypoxemia of the pulmo- 
nary circulation due to acute general hypoxia brings 
about vasoconstriction of peripheral pulmonary arte- 
ries.!? Because oxygen saturation of pulmonary arterial 
blood after operation is remarkably decreased from the 
preoperative level in cases of complete transposition of 
the great arteries, it is easy to understand that vaso- 
constriction of small pulmonary arteries frequently 
occurs immediately after surgery. Therefore, in cases 
of sustained high pulmonary arterial pressure, both 
factors will contribute to precipitating excessive hy- 
pertrophy of the pulmonary arterial media. 

We believe that extreme hypertrophy of the arterial 
media easily brings about vasoconstriction and thereby 
causes ischemia of the more peripherally located pul- 
monary vascular bed. The anoxic vascular bed in turn 
inflicts damage to the endothelial cells, which leads to 
pulmonary vascular disease. Consequently, marked 
postoperative hypertrophy of the pulmonary arterial 
media surely indicates progressive pulmonary vascular 
disease as seen in our Cases 1 and 2. The majority of 
patients over age 6 months with complete transposition 
and severe preoperative pulmonary hypertension al- 
ready have severe pulmonary vascular disease**; thus, 
it can generally be anticipated that the pulmonary ar- 
terial pressure in these patients will remain high even 
after total correction. Because the degree of medial 
hypertrophy is proportional to the degree of intraarte- 
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rial blood pressure,*!? severe medial hypertrophy arises 
in such patients and the progression of pulmonary 
vascular disease is unavoidable. This death in the late 
postoperative period seems quite probable and we 
therefore do not recommend total correction for such 
patients. 

However, in our Case 3 pulmonary vascular disease 
did not develop despite a high pulmonary arterial 
pressure thought to be due to pulmonary venous ob- 
struction by the baffle. In contrast to the 1.8-fold in- 
crease in medial thickness in Cases 1 and 2, there was 
only a slight 1.2-fold increase in medial thickness 
postoperatively, probably due to a residual ventricular 
septal defect. Apparently the blood in the pulmonary 
circulation did not become greatly hypoxic, and medial 
hypertrophy in reaction to intraarterial pressure was 
suppressed to some degree. Absent pulmonary arterial 
hypoxemia in this case was evidently the cause of sup- 
pressed vasoconstriction. Therefore, we suggest that 
pulmonary vascular disease does not progress in such 
cases because the pulmonary arterial walls are strong 
enough to adapt to even high intraarterial pressure and 


are not exposed to hypoxemia, which would induce 
vasoconstriction. 

Clinical implications: Good results of the palliative 
Mustard operation in complete transposition of the 
great arteries with large ventricular septal defect and 
severe pulmonary hypertension have been reported by 
many authors.!*:!? The effectiveness of this operation 
can be explained in light of the preceding consideration, 
because the surgical result in Case 3 was hemodynam- 
ically the same as in the palliative Mustard operation. 
Furthermore, the development of pulmonary vascular 
disease would be prevented by surgically creating some 
form of shunt from the systemic to the pulmonary cir- 
culation, such as the method of creating a new ventric- 
ular septal defect or that of incomplete suturing of the 
interatrial baffle,!6 even in cases of complete transpo- 
sition with intact ventricular septum and severe pul- 
monary hypertension. 
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Four infants with d-transposition of the great arteries and intact ventricular 
septum who manifested early clinical symptoms and deterioration due 
to dynamic left ventricular outflow stenosis are presented. All four had 
an anatomically adequate atrial septal defect, made at the initial balloon 
atrial septostomy, that was later confirmed intraoperatively. Two infants 
continued to have a low arterial oxygen saturation level because of in- 
adequate interatrial mixing, and one of these had severe persistent cya- 
nosis and was treated with the Mustard operation at age 4 days. The other 
two infants subsequently presented with hypercyanotic spells at age 3 
months. All four infants had features of dynamic left ventricular outflow 
stenosis on hemodynamic, angiocardiographic and echocardiographic 
studies. The left ventricular outflow pressure gradient was shown to in- 
crease after administration of isoproterenol in one infant, and relief of a 
cyanotic spell with reduction of left ventricular systolic pressure was 
achieved in another after intravenous administration of propranolol. The 
Mustard operation relieved symptoms in all infants. The effect of left 
ventricular outflow tract stenosis on the mechanisms responsible for in- 
teratrial mixing in d-transposition of the great arteries with intact ven- 
tricular septum is discussed. 


Several types of left ventricular outflow tract stenosis have been de- 
scribed in patients with d-transposition of the great arteries and intact 
ventricular septum.^? The obstruction to blood flow may be caused by 
an anatomically fixed lesion caused by a fibromuscular ridge or tunnel 
or by a dynamic narrowing of the outflow tract. The anatomically fixed 
type of stenosis can usually be well defined with angiography; the dy- 
namic type is often less clearly revealed.! In the echocardiogram the 
dynamic type manifests two characteristic features—systolic anterior 
motion of the mitral valve and early systolic posterior septal bulging.? 
Abnormal posterior interventricular septal bulging is evident on both 
angiocardiography and postmortem study as a component of left ven- 
tricular outflow tract narrowing.?-? 

The clinical findings associated with severe anatomically fixed sub- 
pulmonary stenosis in the infant with transposition of the great arteries 
and intact ventricular septum are well recognized and may include in- 
creasing severity of cyanosis and clinical deterioration. A mild form of 
dynamic left ventricular outflow narrowing, often resulting in a modest 
outflow tract pressure difference, has been recognized both before?^ and 
after* intracardiac repair with the Mustard (intraatrial baffle) operation. 
In contrast, the occurrence of clinical symptoms due to severe dynamic 
left ventricular outflow tract stenosis has had limited documentation 
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or recognition. A recent angiographic study? attributed 
the increasing cyanosis and hypovolemic pulmonary 
vascularity noted in the X-ray films of some infants to 
dynamic left ventricular outflow tract stenosis. 

This report describes the clinical, echocardiographic 
and angiographic manifestations and the acute hemo- 
dynamic alterations caused by dynamic left ventricular 
outflow tract stenosis in infants with d-transposition 
of the great arteries and intact ventricular septum. The 
effect of left ventricular outflow tract stenosis on the 
mechanisms responsible for interatrial mixing in pa- 
tients with d-transposition is considered. 


Methods 


Patients: This study is concerned with the clinical course 
of four infants with d-transposition of the great arteries and 
intact ventricular septum who manifested early clinical 
symptoms and deterioration apparently related to dynamic 
left ventricular outflow tract stenosis. Quantitative and 
qualitative observations are presented from data obtained on 
echocardiography, cardiac catheterization, angiocardiography 
and intracardiac operative examination. 

Echocardiography: The M mode echocardiograms were 
obtained in a standardized manner from the left parasternal 
region using 3.5 and 5.0 megahertz transducers and an Ekoline 
echocardiograph coupled to a Honeywell 1856 recorder. Scans 
from the pulmonary artery to the left ventricle were obtained 
in all four infants. The measurements of the posterior wall and 
interventricular septum were made at end-diastole at the peak 
of the R wave of the electrocardiogram. The left ventricular 
outflow tract was measured as an anteroposterior dimension 
from the first recognizable mitral valve echo below the pul- 
monary root from the closure (C) point to the interventricular 
septum. The measurement extended from the anterior edge 
of the mitral valve echo to the posterior endocardial edge of 
the interventricular septal echo. The pulmonary arterial root 
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dimension was measured at end-systole extending from the 
outer edges of the pulmonary arterial wall echo.* 

Cardiac catheterization: This procedure was performed 
without sedation in infants less than age 1 to 2 months and 
with Innovar (fentanyl-droperidol) Phenergan (promethazine) 
sedation in older infants. Pressures were recorded using 
fluid-filled no. 5 or 6F catheters (U.S. Catheter and Instru- 
ments and National Institutes of Health types) coupled to a 
Statham P23H dual strain gauge manometer. Respiratory 
phases were recorded continuously using a thoracic impedance 
method. 

Additionally, in five infants, aged 6 to 9 months, with d- 
transposition and intact ventricular septum without signifi- 
cant left ventricular stenosis, simultaneous recordings of right 
and left atrial and ventricular pressures were examined to 
assess the dynamics of interatrial mixing. With use of two 
catheters of matched length in these infants, simultaneous 
end-diastolic pressures were measured and differences be- 
tween the left and right ventricles were calculated in five 
consecutive beats at end-inspiratory and end-expiratory 
phases for each infant. 


Results 


Inadequate interatrial mixing despite balloon septos- 
tomy: The clinical, hemodynamic and echocardiographic data 
of four infants with symptomatic dynamic left ventricular 
stenosis are presented in Tables I and II. Inadequate inter- 
atrial mixing, despite an adequate balloon septostomy as 
observed at subsequent intracardiac surgery, was noted in two 
infants (Cases 1 and 2). 

In Case 1 asmall rise in the arterial oxygen saturation level 
(12 percent oxygen saturation) was noted initially; however, 
the value returned within 24 hours to the levels measured 
before balloon septostomy with consequent hypoxemia and 
metabolic acidosis. A repeat balloon atrial septostomy at age 
58 hours did not improve the arterial oxygen saturation. The 
chest roentgenogram showed diminished pulmonary vascu- 
larity. The left ventricular angiogram revealed prominent 








TABLE | 
Clinical and Hemodynamic Data of Four Patients. 
Age at 
Case Cath; O; Sat Pry Pry — Ppa Type of Mustard 
no. Age Symptom BAS Aortic (96) (mm Hg) (mm Hg) Stenosis P,y/Pry Operation 
1 10 hr Cyanosis Cath; 50 — 62* 60/8 ? 7 60/95 (0.63) 
BAS 
58 hr Cyanosis Cath; 50.— 55* 47/8 12 Dyn SB 47/98 (0.48) 100 hr 
BAS 
2 24 hr Cyanosis Cath; 55 —»55* 45/6 ? Dyn SB 45/60 (0.75 
BAS 
3.5 mo Cyanosis Cath 56 40/- — 70!/- — 36!/- 25 — 60* — 16! Dyn SB 40/75 (0.53) 5.5 mo 
3 6 hr Cyanosis Cath; 52-—77* 62/7 ? Dyn SB 64/68 (0.94) 
BAS 
3.0mo Cyanotic Cath 29 — 59! 100/- — 65!/- ? Dyn SB 65/110 (0.60) 3.08 
spells 
4.0mo Chylotho- Cath 93 70/- — 85/- 40 Dyn SB 85/87 (0.97) 
rax, CHF 
4 24 hr Cyanosis Cath; 52> 61° 38/5 ? ? 38/65 (0.58) 
BAS 
3.0mo Cyanotic Cath 66 64/6 50 Dyn/Fixed 50/70 (0.7 1) 3.05 
spells SB 
27 mo --- Cath 95 40/6 17 Dyn SB 40/92 (0.43) 


* After balloon atrial septostomy. 
t After propranolol. 
After isoproterenol. 
3 Mustard operation plus resection of septal bulges. 


Ao = aorta; BAS = balloon atrial septostomy; Cath = cardiac catheterization; Dyn SB = dynamic systolic septal bulge; P, y = left ventricular 
systolic pressure; Ppa = pulmonary arterial systolic pressure; Pay = right ventricular systolic pressure; ? = unknown. 
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systolic posterior bulging of the upper interventricular septum 
and an abnormal anterior mitral valve motion during systole, 
suggesting the presence of dynamic left ventricular outflow 
tract stenosis. Because of progressive acidosis and marked 
clinical deterioration, intracardiac repair with the Mustard 
operation was carried out at age 4 days. Postoperative echo- 
cardiograms (obtained at age 12 days and 20 months, re- 
spectively) showed prominent characteristic features of dy- 
namic stenosis—systolic anterior motion of the mitral valve, 
early systolic posterior septal bulging and coarse systolic 
flutter of the pulmonary valve leaflets. 

The second infant (Case 2) continued to have moderate 
cyanosis after a balloon atrial septostomy at age 1 day. A 
systolic murmur noted shortly thereafter increased in inten- 
sity, approaching grade 3/6 intensity by age 3 months. The 
chest roentgenogram showed normal pulmonary vascularity. 
An echocardiogram at age 4 days (Fig. 1, top) illustrated the 
typical features of dynamic stenosis. At a second cardiac 
catheterization (at age 3.5 months) the peak systolic pressure 
difference across the left ventricular outflow tract was 14 mm 
Hg at rest, but increased to 60 mm Hg on stimulation with 
isoproterenol (0.025 ug/kg). The echocardiogram (Fig. 1, and 
center and bottom) and angiocardiogram (Fig. 2, A and B) 
manifested more pronounced features of dynamic stenosis 
than those previously recorded in the newborn period. In- 
tracardiac repair with the Mustard operation was performed 
at age 5.5 months, and a large atrial septal defect with a di- 
ameter of 2.5 cm was observed. The echocardiogram continued 
to show features of dynamic left ventricular outflow stenosis 
at age 8 months. 

Hypercyanotic spells: These spells, characterized by ex- 
treme irritability, increasing cyanosis and respiratory distress 
occurred in two infants (Cases 3 and 4). The initial clinical 
response of both infants to balloon atrial septostomy was 
satisfactory as judged from the increased systemic arterial 
oxygen saturation, and both infants remained in stable con- 
dition thereafter. During these spells at age 3 months systemic 
arterial oxygen saturation was measured as low as 30 percent. 
A grade 3/6 systolic ejection murmur was audible along the 
left sternal border in both infants. The pulmonary vascularity 
appeared reduced or normal in the chest roentgenogram. The 
echocardiogram showed features of dynamic stenosis of the 
left ventricular outflow tract in both infants (Fig. 3) and the 
left ventricular angiogram (Fig. 2, C and D) showed systolic 


narrowing of the ventricular outflow tract due to prominent 
dynamic posterior septal bulging and an anteriorly displaced 
mitral valve. Additionally, in Case 4, the echocardiogram re- 
vealed an anatomically narrowed left ventricular outflow tract, 
and the angiogram showed a distinct fibromuscular ridge in 
the outflow tract. Peak systolic pressure differences of 40 to 
50 mm Hg were measured across the left ventricular outflow 
tract. 

In Case 3, a severe cyanotic spell occurred during cardiac 
catheterization; the systemic arterial oxygen saturation de- 
creased to 29 percent and there was metabolic acidosis. At this 
time the peak left ventricular systolic pressure was increased 
to 110 mm Hg and exceeded the right ventricular peak systolic 
pressure. The administration of 100 percent oxygen in a hood, 
intravenous sodium bicarbonate and Benadryl (diphenhy- 
dramine hydrochloride) did not relieve the cyanotic spell. 
Intravenous administration of propranolol (0.2 mg) was 
promptly followed by an increase in the systemic arterial 
oxygen saturation to 59 percent and a reduction in left ven- 
tricular peak systolic pressure to the level (65 mm Hg) mea- 
sured before the spell. Intracardiac repair with the Mustard 
operation was performed later that day, and a moderate-sized 
atrial septal defect was noted. A prominent septal bulge was 
observed about 8 mm below the pulmonary valve anulus and 
a wedge resection of interventricular septal tissue was per- 
formed in this region. Cardiac catheterization performed 1 
month postoperatively because of congestive heart failure and 
chylothorax showed that the peak left ventricular pressure- 
left ventricular outflow tract pressure difference and the an- 
giographic appearance of dynamic subpulmonary obstruction 
were essentially unchanged from the preoperative findings. 
Wide spontaneous fluctuations in left ventricular peak systolic 
pressure levels were also noted at rest. With conservative 
management, the early postoperative congestive heart failure 
subsided and late clinical follow-up at another institution at 
age 24 months indicates that the child is asymptomatic and 
is thriving despite continuing echocardiographic findings of 
dynamic left ventricular outflow tract obstruction. 

in Case 4, intracardiac repair was performed at age 3 
months and, in addition to the Mustard operation, resection 
of a fibrous ridge within the left ventricular outflow tract was 
performed. Again, an atrial septal defect of moderate size (1.5 
cm) was noted within the site of the fossa ovalis. The echo- 
cardiogram obtained at age 28 months continued to show 


TABLE Il 
Echocardiographic Data of Four Patients with Transposition of the Great Arteries and Intact Ventricular Septum 
Measurements 
End-Diastolic SB At 
Age Pa (cm) LVDD (cm) PWT (cm) SWT (cm) LVO (cm) LVO/PA SAM PVF Inlet (cm) 
Case 1 
PostM 12 days 1.0 1.4 0.30 0.4 0.7 0.70 o + 0.40 
PostM 20mo 1.5 2.3 0.35 0.4 he 0.80 + + 0.40 
Case 2 
PreM 4 days 1.0 1.4 0.30 0.3 0.7 0.70 T + 0.55 
PreM 3.5 mo 1.4 31.2 0.30 0.3 0.9 0.64 4 Je 0.80 
PostM 8 mo 1.4 1.9 0.45 0.5 1.1 0.79 e + 0.50 
Case 3 
PreM 3 mo 1.0 1.2 0.4 0.4 0.7 0.70 ^ t 0.50 
FostM 3.5 mo 0.9 $3.2 0.4 0.4 0.7 0.77 + T 0.35 
Case 4 
PreM 3 mo 0.9 0.9 0.4 0.4 0.5 0.56 si + 0.55 
PostM 28mo 1.9 2 0.6 0.6 1.4 0.67 + + 0.40 


IVS = intact ventricular septum; LVDD = left ventricular end-diastolic dimensions; LVO = left ventricular outflow tract; PA = pulmonary artery; 
PostM and PreM = after and before Mustard operation; PVF = pulmonary valve flutter; PWT = posterior wall thickness; SAM = systolic anterior 
motion of mitral valve; SB = septal bulge; SWT = septal wall thickness; TGA = complete (d—) transposition of the great arteries; + = present. 
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FIGURE 1. Case 1. Top, M mode left ventricular (LV) echocardiogram, at age 4 days. Note marked systolic anterior motion of the mitral valve (MV) 
(asterisk) and mild extent of early systolic posterior bulging of interventricular septum (S) (arrow). Center and bottom, at age 3 months: prominent 
dynamic left ventricular outflow tract stenosis is evident. Pulmonary artery (PA) to left ventricular echographic scan (center) and left ventricular 
echocardiogram (bottom) show a greatly exaggerated posterior systolic septal bulge and systolic anterior mitral valve motion resulting in increased 
outflow tract narrowing. LA = left atrium; RV = right ventricle; TV = tricuspid valve. 
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features of dynamic stenosis and an increase in the size of the 
DIASTOLE SYSTOL E left ventricular outflow tract (Table II). 

Simultaneous left and right ventricular pressure re- 
cordings: In five additional patients (aged 6 to 9 months) with 
d-transposition of the great arteries and intact ventricular 
septum, simultaneous left and right ventricular pressure re- 
cordings indicated that the diastolic pressures were lower in 
the left than in the right ventricle and that the magnitude of 
this pressure difference was variable, increasing during in- 
spiration and decreasing during expiration. The right and left 
ventricular end-diastolic pressure differences at end-inspi- 
ration ranged between 1.5 and 6.2 (mean 3.2) mm Hg in the 
five infants. These differences were consistently greater than 
the pressure differences at end-expiration, which ranged be- 
tween 1.0 and 4.6 (mean 1.4) mm Hg. Simultaneous atrial 
pressure recordings showed that the a wave was dominant in 
the right atrium and the v wave dominant in the left 
atrium. 


Discussion 


Dynamic stenosis of the left ventricular outflow 
tract: Our observations and those of others?.!? indicate 
that the mechanism of dynamic stenosis of the left 
ventricular outflow tract may have serious clinical 
consequences. In two patients the occurrence of dy- 
namic stenosis during the first days of life resulted in 
poor interatrial mixing despite an adequate-sized atrial 
septal defect. In the other two infants the dynamic 
stenosis appeared to cause intermittent cyanotic spells 
similar to those in infants with tetralogy of Fallot during 
the early months of infancy. At cardiac catheterization, 
spontaneous variability in the severity of the dynamic 
FIGURE 2. Lateral views of left ventricular cineangiocardiograms obstruction at rest, exaggeration of left ventricular 
of Cases 2 (A, B) and 3 (C, D). Diastolic frames shown in (A, C) and outflow tract pressure differences with inotropic cate- 


systolic frames in B, D. Note the marked systolic posterior bulging of ; e . . : . . 
the ventricular septum (arrow) and septal-mitral apposition in systole cholamine stimulation (isoproterenol), and relief with 


causing dynamic stenosis of the left ventricular outflow tract. LV = left a beta adrenergic blocking agent (propranolol) was 
ventricle; PA = pulmonary artery. demonstrated. The initiation of intermittent hyper- 
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FIGURE 3. Case 3. M mode left ventricular (LV) echocardiogram, showing well developed features of dynamic left ventricular outflow stenosis. Note 
the marked early systolic bulging of the interventricular septum (S) (arrow) and systolic anterior mitral valve (MV) motion (asterisk) resulting in 
cavity obliteration. RVO = right ventricular outflow tract; TV = tricuspid valve. 
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cyanotic spells may be related to the inotropic effect of 
endogenous catecholamines on the left ventricular 
outflow tract. The resultant acute reduction of pulmo- 
nary blood flow would reduce the pulmonary venous 
return and the anatomic left to right shunt and cause 
increased systemic hypoxemia and metabolic aci- 
dosis. 

Incidence: The incidence of dynamic left ventricular 
outflow tract stenosis responsible for inadequate in- 
teratrial mixing or cyanotic spells is not established. 
Tynan et al.!° described 8 of 41 patients in whom in- 
adequate interatrial mixing after balloon atrial septo- 
stomy was attributed to angiographically demonstrated 
dynamic left ventricular outflow tract stenosis. A recent 
analysis of our own data showed that among the 14 in- 
fants under age 3 months with d-transposition of the 
great arteries and intact ventricular septum requiring 
early Mustard operation for various reasons, 4 patients 
(not included in this study) showed symptoms that were 
attributed to the dynamic left ventricular outflow tract 
stenosis. Continued low systemic oxygen saturation due 
to inadequate interatrial mixing in three patients and 
hypercyanotic spells in one patient were attributed to 
angiographically and echocardiographically demon- 
strated left ventricular outflow tract stenosis. Intra- 
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operatively, the atrial septal defect was moderate to 
large in all four patients. 

Hemodynamic factors regulating interatrial 
mixing in transposition: Some of the hemodynamic 
mechanisms that provide for interatrial mixing in 
transposition have been discussed, ';!? but the hemo- 
dynamic sequences have not been clearly defined (Fig. 
4). Angiographic observations have indicated that the 
interatrial anatomic right to left shunting occurs in 
ventricular diastole.!?:!4 This right to left shunt is de- 
pendent on the presence of a lower diastolic pressure in 
the more compliant left ventricle than in the hyper- 
trophied and less compliant right ventricle. Addition- 
ally, in the latter part of diastole the right atrium pro- 
motes shunting in the same direction by generating a 
greater pressure (a wave) than that generated by the 
left atrium because of the lesser compliance of the right 
ventricle. 

The anatomic right to left shunt and the pulmonary 
blood flow could both be autoregulated by the instan- 
taneous diastolic ventricular pressure differences 
through the Frank-Starling mechanism. An incremental 
increase in the right to left shunt will be followed by an 
incremental increase in the left ventricular preload and 
end-diastolic pressure; the latter change will cause an 


INTRATHORACIC 
PRESSURE 


FIGURE 4. Schematic presentation of the hemodynamic factors concerned in the autoregulation of interatrial mixing shunt between the systemic 
(shaded arrows) and pulmonary (white arrows) circulation in d-transposition of the great arteries with intact ventricular septum. During diastole 
the left ventricular diastolic pressure (LVPp |) is lower than the right ventricular diastolic pressure (RVPp1), thereby promoting anatomic right to 
left shunting (shaded curved arrow). The magnitude of pulmonary blood flow and pulmonary venous return (PVR) are consequently altered and 
regulated. Incremental changes in the pulmonary venous return alter the left ventricular diastolic pressure by providing a variable preload and au- 
toregulate subsequent increments or decrements of the anatomic right to left shunt through the Frank-Starling mechanism. The magnitude of pulmonary 
venous return (top right) is responsible for the anatomic left to right shunt (white curved arrow) by generating a higher left (LAP, 1) than a right (RAP, ) 
atrial pressure v wave. Pulmonary vascular resistance (PR) and left ventricular outflow tract stenosis (LVOTS) affect the pulmonary venous return 
and left to right shunt by influencing left ventricular stroke volume (LVSV) (bottom right). Respiratory intrathoracic pressure variations, by changing 
the magnitude of systemic venous return (SVR) and pulmonary venous return, also affect the degree and timing of the mixing shunt. ASD = atrial 
septal defect; LVPs = left ventricular systolic pressure; RVPs = right ventricular systolic pressure; RVSV = right ventricular stroke volume; SR 
— systemic resistance. 
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incremental reduction in the subsequent right to left 
shunt. 

Our observations on simultaneously recorded right 
and left atrial and ventricular pressures, and observa- 
tions reported from angiographic studies,!?:4 indicate 
that the anatomic left to right interatrial shunt occurs 
during ventricular systole. Recent echocardiographic 
studies in d-transposition of the great arteries have 
shown that the tricuspid valve closes either simulta- 
neously or earlier than the mitral valve.!° Thereafter, 
during ventricular systole, the atrial compartments are 
isolated from ventricular dynamics, and the interatrial 
pressure differences are determined by the relative 
magnitude of the levels of systemic and pulmonary ve- 
nous return and the venous chamber compliance. Thus, 
the greater pulmonary venous return will result in a 
higher left atrial v wave and promote anatomic left to 
right shunting, but at the same time also increase the 
left ventricular preload and end-diastolic pressure and 
further contribute to the autoregulating sequence by 
causing a reduction in the right to left shunt. 

The self-regulating diastolic pressure difference be- 
tween the left and right ventricles can be considered an 
active mechanism primarily influencing the anatomic 
right to left shunt and the pulmonary blood flow, and 
secondarily influencing the anatomic left to right shunt 
through adjustment of the pulmonary venous return. 
However, anatomic left to right interatrial shunting can 
be viewed as a passive, that is, overflow phenomenon 
(Fig. 5). Dynamic left ventricular outflow tract stenosis, 
like increased pulmonary vascular resistance, by in- 
creasing left ventricular afterload and decreasing left 
ventricular compliance, can be an important mechanism 
for decreasing the magnitude of right to left shunting 
and left ventricular output. This would reduce the 
pulmonary blood flow (as suggested by the reduced or 
less than expected pulmonary vascularity in the chest 
roentgenograms of our patients) and also reduce pul- 
monary venous return, and later the left to right shunt, 
thereby increasing the systemic hypoxemia. 

Relief of dynamic left ventricular outflow tract 
stenosis: During cardiac catheterization an acute hy- 
percyanotic spell was promptly relieved by the admin- 
istration of intravenous propranolol in one infant and 
this was associated with an immediate decrease in the 
left ventricular outflow tract pressure gradient and an 
increase in pulmonary blood flow. Although relief of 
acute hypercyanotic spells can be achieved with pro- 
pranolol through its action of blocking the catechol- 


amine stimulation of the left ventricular outflow tract, 
our recent observations during a few days of life in one 
additional patient who showed angiographic and 
echocardiographic evidence of dynamic left ventricular 
outflow tract stenosis reveal that oral administration 
of propranolol failed to improve the reduced arterial 
saturation that was present after an anatomically ade- 
quate balloon atrial septostomy. 

Possible surgical treatment: Surgical relief of se- 
vere dynamic stenosis (attempted in one patient) may 
not be achieved by surgical septal myotomy. Too ag- 
gressive a myotomy can indeed result in complete heart 
block or creation of ventricular septal defect and is not 
recommended. Echocardiographic studies*!6 and our 
angiographic observations with simultaneous injections 
of medium contrast into the two ventricles show that the 
interventricular septum is of a relatively normal 
thickness but has an exaggerated convex deformity 
toward the left ventricle, and that asymmetric septal 
hypertrophy is not present. Abnormal systolic anterior 
motion of the mitral valve and exaggerated systolic 
posterior septal bulging appear to be the anatomic- 
physiologic components of dynamic left ventricular 
outflow tract stenosis.*^^? Subpulmonary fibromuscular 
ridge formation in the left ventricular outflow tract is 
often associated with a prominent septal bulge and is 
localized to the site directly opposite the septal leaflet 
of the mitral valve. Systolic mitral valve-septal ap- 
position trauma may be an important mechanism of 
progressive fibromuscular ridge abnormality and left 
ventricular outflow tract stenosis in some infants sur- 
viving beyond the newborn period.’ 

Implications: Our findings suggest that in patients 
with d-transposition of the great arteries with intact 
ventricular septum, dynamic left ventricular outflow 
tract stenosis should be sought as a cause of inadequate 
interatrial mixing and persistent low systemic arterial 
saturation during early days of life and hypercyanotic 
spells during early infancy. Echocardiography (both M 
mode and sector scan) should help both to demonstrate 
the dynamic left ventricular outflow stenosis and to 
exclude other possible causes of persistent low atrial 
saturation, such as anatomically fixed left ventricular 
outflow tract stenosis, inadequate size atrial septal de- 
fect and increased pulmonary vascular resistance. The 
inadequate interatrial mixing and hypercyanotic spells 
may be alleviated with the Mustard operation because 
dependency on the interatrial mixing for sustaining 
systemic arterial saturation is removed. 
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Junctional tachycardia due to an automatic ectopic focus occurs in 
children in one of two clinical settings: (1) in the immediate postoperative 
period after surgery, near the atrioventricular (A-V) junction, and (2) 
spontaneously, causing chronic supraventricular tachycardia. In the 
surface electrocardiogram, junctional ectopic tachycardia appears as 
a narrow QRS tachycardia with A-V dissociation. This study evaluated 
four children, including two sisters, with junctional ectopic tachycardia; 
intracardiac electrophysiologic recordings were performed in three of 
them. In each child, ventricular depolarization was preceded by a His 
bundle potentia! and a normal H-V interval. Neither overdrive pacing nor 
programmed premature stimulation of the atria or the ventricles influenced 
the tachycardia. Digoxin failed to alter the tachycardia, but alleviated 
congestive heart failure in all four patients. Propranolol slowed the rate 
of tachycardia in two patients, as did reserpine and phenytoin in one pa- 
tient each. Chiorpromazine resulted in sinus rhythm in one patient. 
Quinidine and lidocaine were ineffective. Two patients died, one from low 
Cardiac output associated with uncontrolled tachycardia, the other sud- 
denly and unexpectedly while receiving digoxin and propranolol. The third 
patient’s tachycardia regressed after repair of a ventricular septal defect. 
She has had sinus rhythm for 9 months without medication. The tachy- 
cardia of the fourth patient is uncontrolled despite treatment with digoxin, 
propranolol and phenytoin. On the basis of this study, acute treatment of 
junctional ectopic tachycardia is recommended in the immediate post- 
operative period with intravenous propranolol (with a ventricular pace- 
maker available to treat bradycardia) and long-term treatment with oral 
digoxin plus either propranolol, phenytoin or chlorpromazine. 


Supraventricular tachycardia is the most common sustained tachyar- 
rhythmia observed in children.! It occurs most often in infancy, and is 
generally seen as a regular tachycardia without discernible P waves in 
the surface electrocardiogram.? The mechanism in most cases is reentry, 
and treatment with digoxin is usually effective.’ Keane et al.* described 
a less common form of supraventricular tachycardia in children? in which 
P waves precede each QRS complex. The rhythm is more difficult to 
control and has been attributed to an atrial ectopic focus.? Least common 
is supraventricular tachycardia with atrioventricular (A-V) dissociation.! 
This is the most difficult to control and occurs in one of two clinical 
settings: (1) in the immediate postoperative period after surgery near 
the A-V junction, and (2) spontaneously, causing chronic supraven- 
tricular tachycardia.9-5 

We thoroughly studied three such children and one of their sisters who 
had the same type of tachycardia. We believe that this type of supra- 
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TABLE | 
Four Patients With Junctional Ectopic Tachycardia 
Age at Rate of 
Case Diagnosis Tachycardia P Wave Hemodynamic Current 
no. (days) (beats/min) Description Findings Status 
1 14 250 Followed each QRS complex, inverted in VSD, PDA, coarctation Dead 
leads |, Il, Ill and aVF 
2 60 160 A-V dissociation (normal P axis) VSD, Qp:Qs = 2:1 Alive 
3 7 220 A-V dissociation Cardiomyopathy Alive 
4 10 260 A-V dissociation No defects on clinical Dead 
examination 


AV = atrioventricular; PDA = patent ductus arteriosus; Qp:Qs = pulmonary to systemic flow ratio; VSD = ventricular septal defect. 


ventricular tachycardia occurs as a result of an auto- 
matic ectopic focus?-!! in the A-V junction. In this paper 
we define the electrocardiographic, electrophysiologic 
and pharmacologic characteristics of junctional ectopic 
tachycardia in children and suggest a plan for acute 
management in the postoperative period and long-term 
management of chronic tachycardia based on the 
knowledge of the mechanism. 


Methods 


Patients (Table I): Four infants presented with junctional 
ectopic tachycardia. Three of these patients, aged 7 days to 
2 months at the time of diagnosis, had a complete intracardiac 
electrophysiologic examination. The fourth patient (Case 4) 
had an electrocardiographic pattern similar to her sister’s 
(Case 3) but died at age 3 weeks without undergoing electro- 
physiologic study. Two of the four patients (Cases 1 and 2) had 
structural congenital heart defects (Table I). 

Patient evaluation: Each infant was first evaluated on the 
basis of history and physical examination, 15 lead electro- 
cardiogram and chest roentgenogram. In Patients 2 and 3, all 
medications were discontinued 24 hours before the intracar- 
diac electrophysiologic study (Patient 1 was receiving digoxin). 
All except Patient 1 were sedated with meperidine, 2 mg/kg, 
chlorpromazine, 0.5 mg/kg and promethazine, 0.5 mg/kg, 30 
minutes before the study. One or two electrode catheters were 
inserted percutaneously into the femoral veins and positioned 
in the right side of the heart under fluoroscopic and electro- 
cardiographic control for recording intracardiac electrograms. 
Atrial and ventricular pacing and introduction of premature 
stimuli were performed as previously reported.?:!? 

Drug therapy: Drug therapy, other than premedication, 
was given to only one patient (Case 1) in the catheterization 
laboratory. He received phenytoin, 5 mg/kg, and lidocaine, 
1 mg/kg, each as an intravenous bolus injection. In all four 
cases, digoxin was selected as the initial drug for long-term 
treatment of tachycardia. If digoxin proved ineffective, a 
second drug was added. Before any drug was declared inef- 
fective, the dose was increased until clinical signs of mild 
toxicity developed or the serum concentration was in the 
upper part of the range of effectiveness. Frequently, various 
drug combinations were used. The drug doses used and ef- 
fective serum concentrations are given in Table II. 

The results of treatment were observed clinically by elec- 
trocardiogram in follow-up periods ranging from 1 day (in the 
patient who died in the hospital) to 6 years. 


Results 


Clinical features: In three patients the tachycardia 
occurred spontaneously (Table I), and in Patient 1 it 


developed during cardiac catheterization. In this pa- 
tient, a 2 week old infant with severe congestive heart 
failure, it is possible that catheter manipulation induced 
the tachycardia. 

Surface electrocardiography revealed repetitive 
tachycardia in Patient 2 and persistent tachycardia in 
the other three patients, according to the definition of 
Keane et al.4 Distinct P waves could be seen in the 
tracings of all four patients. In three patients, A-V dis- 
sociation was apparent with independent atrial and 
ventricular rates (Fig. 1). Patient 1 manifested 1:1 ret- 
rograde capture of the atria, and inverted P waves fol- 
lowed the QRS complex in the inferior limb leads. In 
each patient, the rate of the tachycardia varied from 
minute to minute. 

Intracardiac electrography: This study revealed 
that the tachycardia originated in the atrioventricular 
(A-V) junction in all patients. The ventricular depo- 
larization was preceded by a His bundle potential with 
a normal H-V interval. In Patients 2 and 3, atrial de- 
polarizations were unrelated to the His and ventricular 
depolarizations (Fig. 2). In Patient 1, high right atrial 
depolarization occurred after each His and low right 
atrial depolarization, indicating retrograde atrial acti- 
vation with 1:1 capture from the junctional tachy- 
cardia. 

The mechanism of the tachycardia was determined 
in each case to be an automatic focus based on previ- 


TABLE Il 
Drugs Used to Treat Junctional Ectopic Tachycardia 


Therapeutic Serum 


Oral Dosage" (range) Concentration! 


Drug (mg/kg) (ug/ml) 
Digoxin 0.005- 0.01 every 12 hours 0.5-2.5 
Quinidine sulfate 7.5—10.0 every 6 hours 2.3—5.0 
Propranolol 0.5-2.0 every 6 hours 5.0-50.0 ng/ml 
Phenytoin 1.5-3.0 every 6 hours 10.0-20.0 
Reserpine 0.01-0.02 every 12 hours t 
Chlorpromazine 0.5-1.0 every 6 hours 1 


* Loading doses are required for digoxin and phenytoin. These doses 
are given as many times per day as indicated. For the total daily dose, 
multiply digoxin X2, quinidine X4, etc. 

oncentrations may vary between laboratories. These concen- 
trations are from our laboratory. 

t Serum concentrations were not routinely available for chlor- 
promazine and reserpine. 
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FIGURE 1. Case 3. Surface electrocardiogram (limb leads) at age 18 
months showing junctional tachycardia with atrioventricular dissociation. 
The QRS rate is 215 and the atrial rate 95 beats/min. There is no evi- 
dence of an atrial depolarization conducting to the ventricles nor of a 
ventricular depolarization conducting retrograde to the atria. The P wave 
axis is normal, indicating an origin of the atrial depolarization near the 
sinus node. 


ously proposed criteria.*:1 1? In all patients the atria 
could be paced at a rate faster than the existing rate of 
tachycardia. This resulted in 1:1 conduction to the 
ventricles. Similarly, rapid ventricular pacing resulted 
in capture of the ventricles. Despite the ability to cap- 
ture and overdrive the atria and ventricles it was not 
possible to suppress the rate of the ectopic focus in any 
patient. It was also impossible to start or stop the 
tachycardia either with overdrive atrial (Fig. 3) or 
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FIGURE 3. Case 3. Right atrial pacing. Surface electrocardiographic 
leads (L) |, Il and IIl and the high right atrial (HRA) stimulus are recorded. 
In the first four cycles each atrial stimulus is conducted to the ventricles 
(V), thus suppressing the tachycardia. After termination of atrial pacing 
(last Pi) the junctional tachycardia immediately resumes. The vertical 
lines are 1,000 msec time lines. 








FIGURE 2. Case 3. Surface electrocardiographic leads (L) |, II and Ill 
recorded simultaneously with His bundle electrograms (HBE) during 
junctional ecotopic tachycardia. Each ventricular depolarization (at a 
cycle length [CL]) of 294 msec is preceded by a His bundle depolar- 
ization (H) with a normal H-V interval of 31 msec. Low right atrial (LRA) 
depolarizations occur independently every 480 msec. The vertical lines 
are 1,000 msec time lines. PW = patient's initials. 


ventricular (Fig. 4) pacing or with single premature 
depolarizations. Direct current cardioversion failed in 
the one patient in whom it was tried. 

Drug therapy: In all patients, digoxin aided in con- 
trolling the symptoms of congestive heart failure, but 
when used alone it did not affect the rate of the tachy- 
cardia. The various effects of different drugs are listed 
in Table III. 

Follow-up: Patient 1 died 12 hours after onset of the 
tachycardia. He became severely hypotensive with the 
rapid heart rate. Drug therapy was ineffective. He was 
returned to the catheterization laboratory where rapid 
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FIGURE 4. Case 3. Right ventricular pacing (Pi, first four ades. Sur- 
face electrocardiographic leads |, Il and Ill, and the right ventricular apex 
(RVA) electrogram are recorded. Immediately after ventricular pacing, 
tachycardia resumes. The vertical lines are 1,000 msec time lines. 
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overdrive atrial pacing captured the atria and resulted 
in intermittent 2:1 A-V block. The child was in extremis 
at the time and died shortly thereafter. 

Patient 2 is almost 4 years old. She underwent un- 
eventful closure of a large ventricular septal defect at 
age 2 years. She had had sinus rhythm both before and 
after operation while receiving digoxin and chlor- 
promazine. One year after operation, the drug dosages 
were decreased and she maintained sinus rhythm. She 
has had no medication for 9 months and continues to 
have sinus rhythm. 

Patient 3 continues to have junctional ectopic 
tachycardia, but the rate is 110 to 130 beats/min. She 
is currently taking digoxin, phenytoin and propranolol. 
The left ventricular shortening fraction, assessed from 
the echocardiogram, remains abnormal but has im- 
proved since therapy was begun. 

Patient 4, the sister of Patient 3, died at age 3 weeks. 
The day before her death, while under treatment with 
digoxin and propranolol, she had a heart rate of 120 
beats/min on physical examination. During her terminal 
episode, the heart rate reportedly slowed and she be- 
came cyanotic, with a respiratory rate of 90/min. The 
exact cause of death was not determined. An autopsy 
was not performed. 


Discussion 


Features of junctional ectopic tachycardia: All 
four patients were young (less than 8 weeks at the time 
of diagnosis) and three of the four had a greatly accel- 
erated junctional heart rate (in excess of 200 beats/min). 
In patients whose junctional ectopic tachycardia occurs 
in the immediate postoperative period, the heart rate 
is generally slower (130 to 160 beats/min) and the ar- 
rhythmia is better tolerated. The surface electrocardi- 
ogram of three of the four children showed A-V disso- 
ciation. Although it is theoretically possible to have 
atrial tachycardia with A-V dissociation,!4:!5 we believe 
that tachycardia with a narrow QRS complex with A-V 
dissociation originates in the A-V junction. It is not 
possible to define the mechanism of the tachycardia 
from the surface electrocardiogram. If the tachycardia 
does not respond to direct current cardioversion, it is 
more likely to be due to an ectopic focus.*:!! The diag- 
nosis of an ectopic focus is confirmed by intracardiac 
stimulation studies.®11:-13 Recently, the distinction be- 
tween ectopic focus and reentry has become less clear,!® 
but we believe the clinical electrophysiologic distinction 
is useful because it separates patients into two groups 
that respond differently to management. 

Management of junctional ectopic tachycardia: 
Drug therapy: Our findings and those of others?-? in- 
dicate that junctional ectopic tachycardia is exceedingly 
difficult to control with medication. In the acute sit- 
uation, intravenous lidocaine or phenytoin or intra- 
muscular reserpine may be effective. Intravenous pro- 
pranolol (0.01 mg/kg) can be used, but we suggest prior 
placement of a temporary ventricular pacemaker (to act 
as a safeguard should the heart rate decrease to an un- 
acceptable level). Propranolol should be used cautiously 
in any patient with congestive heart failure. 
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TABLE Ill 
Response to Drug Therapy in Four Cases 
Case 1 Case 2 Case 3 Case 4 
Digoxin | | | | 
Lidocaine | we ubl : 
Digoxin + ES a ~ | 
quinidine 
Digoxin + T» | E E 
propranolol 
Digoxin + E 
reserpine 
Digoxin + sd E (E*) 
chlorprom- 
azine 
Digoxin + Kur a^ (E) 
phenytoin 
Current (Patient None Digoxin, (Patient 
regimen died) propran- died 
olol, 
phenytoin 


E = effective; (E*) = effective but use discontinued because of 
lethargy and drowsiness; (E!) = effective but use discontinued because 
of ataxia; | = ineffective in treating tachycardia (digoxin effective in 
treating congestive heart failure); . . . = drug not used. 


In the chronic situation, we would begin with digoxin 
to treat the myocardial dysfunction that coexists in 
most patients with long-standing tachycardias.? We 
would next add propranolol except in patients with 
severe congestive heart failure. Other drugs to be tried 
include chlorpromazine, reserpine and phenytoin. A 
combination of two drugs in addition to digoxin may be 
needed. Coumel et al.5 found amiodarone effective in 
decreasing the rate of tachycardia, but this drug is not 
available for general use in the United States. 

Temporary pacing: Waldo et al.9 described a case of 
junctional ectopic tachycardia in which paired ven- 
tricular pacing was used to halve the mechanically ef- 
fective ventricular rate. We agree that this is the treat- 
ment of choice in patients with acute symptoms due to 
junctional ectopic tachycardia. Unfortunately, the 
method requires the use of a technique of paired pacing 
that is not available at all hospitals. If the ventricular 
rate can be controlled in this manner, drug therapy may 
then be carried on in a less hurried manner. 

Surgery: A theoretic and rather extreme therapy for 
chronic junctional ectopic tachycardia is surgical 
ablation of the bundle of His and installation of a per- 
manent ventricular pacemaker. This has not been re- 
quired in our experience to date. 

Differentiation from atrial ectopic tachycardia: 
In atrial ectopic tachycardia, P waves were generally 
clearly visible and precede each QRS complex with a 
P-R interval that is either normal or at the upper limit 
of normal for age.? Because both types of tachycardia 
are ectopic, the responses to cardioversion, overdrive 
pacing and premature stimulation are the same. Re- 
sponse to drug therapy differs. Although the same drugs 
are generally used, drug treatment results in a greater 
degree of control of atrial ectopic tachycardia than of 
junctional ectopic tachycardia. 

Finally, it is of interest that none of our seven patients 
with atrial ectopic tachycardia previously reported on? 
had an associated congenital heart defect, whereas two 
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of the four with junctional ectopic tachycardia had 
structural congenital heart defects. None of the patients 
with atrial ectopic tachycardia died. 

Etiology of junctional ectopic tachycardia: At 
least two distinct causes of junctional ectopic tachy- 
cardia have been postulated. The first is trauma. Patient 
1 most likely had trauma to the bundle of His region at 
cardiac catheterization, and the patient described by 
Waldo et al. had sutures placed near the bundle of His 
at the time of a Mustard operation. 

A second cause of junctional ectopic tachycardia is 
a hereditary factor. Two of our patients were sisters and 
their electrocardiograms were indistinguishable. 
Brechenmacher et al.’ recently described a patient with 
supraventricular tachycardia (which we would interpret 
as junctional ectopic tachycardia) who had a degener- 
ated bundle of His at postmortem examination. This 


patient had a first cousin with the identical form of 
tachycardia. Thus, degeneration of the conduction 
system can be manifested by tachycardia as well as by 
A-V block. 

Our data demonstrate that junctional ectopic 
tachycardia is a life-threatening arrhythmia in children. 
Its association with congenital heart disease may be 
related to injury to cells in the region of the bundle of 
His caused by procedures such as cardiac catheteriza- 
tion and surgery. These injured cells may display in- 
creased automaticity. It is tempting to associate de- 
generation of the His bundle with familial junctional 
ectopic tachycardia, but this conclusion needs further 
pathologic support. Unfortunately, in our Case 4 the 
heart is not available for detailed pathologic examina- 
tion. It is indeed possible that this patient died from 
complete A-V block. 


References 


1. Fink B, Mandel WJ: Supraventricular arrhythmias. In, Cardiac 
Arrhythmias in the Neonate, Infant and Child (Roberts NK, Gelband 
H, ed). New York, Appleton-Century-Crofts, 1977, p 184-186 

2. Nadas AS, Fyler DC: Pediatric Cardiology, third edition. Philadel- 
phia, WB Saunders, 1972, p 66 

3. Gillette PC: The mechanisms of supraventricular tachycardia in 
children. Circulation 54:133- 139, 1976 

4. Keane JF, Plauth WH, Nadas AS: Chronic ectopic tachycardia in 
infancy and childhood. Am Heart J 84:748-757, 1972 

5. Gillette PC, Garson A: Electrophysiologic and pharmacologic 
characteristics of automatic ectopic atrial tachycardia. Circulation 
56:57 1-575, 1977 

6. Waldo AL, Krongrad E, Kupersmith J, Levine OR, Bowman FO, 
Hoffman BF: Ventricular paired pacing to control rapid ventricular 
heart rate following open heart surgery. Circulation 53:176-180, 
1976 

7. Brechenmacher C, Coumel P, James TN: Intractable tachycardia 
in infancy. Circulation 53:377-381, 1976 

8. Coumel P, Fidelle JE, Attwel P, Brechenmacher C, Batisse A, 
Bretagne J, Clementy J, Gerard R, Grolleau R, Hualt G, Mouy A, 
Nouaille J, Kachaner J, Ribiere M, Toumieux MD: Tachycardies 
focales Hissienes congenitales. Arch Mal Coeur 69:899-909, 


1975 
€. Bigger JT Jr, Goldreyer BN: The mechanism of supraventricular 

tachycardia. Circulation 42:673—688, 1970 

10. Goldreyer BN, Bigger JT Jr: Site of reentry in paroxysmal supra- 
ventricular tachycardia in man. Circulation 43:15-26, 1971 

11. Goldreyer BN, Gallaher JJ, Damato AN: The electrophysiologic 
demonstration of atrial ectopic tachycardia in man. Am Heart J 
85:205-215, 1973 

12. Gillette PC, Reitman MJ, Gutgesell HP, Vargo TA, Mullins CE, 
McNamara DG: Intracardiac electrography in children and young 
adults. Am Heart J 89:36-44, 1975 

13. Scheinman MM, Basu D, Hollenberg M: Electrophysiologic studies 
in patients with persistent atrial tachycardia. Circulation 50: 
266-273, 1974 

14. Zipes DP, Gaum WE, Genetos BC, Glassman RD, Noble RJ, Fisch 
C: Atrial tachycardia without P waves masquerading as an A-V 
junctional tachycardia. Circulation 55:253-260, 1977 

15. Josephson ME, Kastor JA: Paroxysmal supraventricular tachy- 
cardia. Is the atrium a necessary link? Circulation 54:430—435, 
1976 

16. Wit AL, Cranefield PF: Triggerec activity in cardiac muscle fibers 
of the simian mitra! valve. Circ Res 38:85-98, 1976 


302 August 1979 The American Journal of CARDIOLOGY Volume 44 


VOW, BLE ‘err 
ECHOCARDIOG 
IT’S EASY TO SEE 
WHAT SEPARATES THEM 


FROM THE REST. 





That's why your echo system supplier would 
like to show you a crisp new black-on-white echo- 
cardiogram produced by a Honeywell recorder. 
Because then you will see at a glance the diag- 
nostic advantages you gain from records of such 
exceptional contrast and resolution. And you may 
be even more surprised to learn how easy and 
economical it is to get those quality records from 
your present Honeywell strip chart recorder. 

50 ask your echo system supplier for a 
sample record—and for information about our 
new add-on black-on-white processor. Or contact 
Bob Shipman for technical details and a list of 
suppliers. Honeywell Test Instruments Division, 
Box 5227, Denver, CO 80217, (303) 771-4700. 


WE'LL SHOW YOU A BETTER WAY. 
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apply. Send C.V. and three ref- 
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lyte imbalance is often a problem during digitalis therapy and most diuretics 
en the problem. With both the thiazides and furosemide, fluid and electro- 
balance may lead to digitalis toxicity. 


lactone for concomitant digitalis/diuretic therapy. 
Stone“ (Spironolactone) provides gradual and sustained diuresis and, through 
? mechanism, helps prevent hypokalemia with limited risk of hyperkalemia. 
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/els nor alter glucose tolerance. 

tations to consider. 


C a iolactone has been shown to be a tumorigen in chronic toxicity studies in 
"Thus Aldactone should be prescribed only when other measures are con- 

a inadequate or inappropriate- (See boxed warning and Warnings section 
actone prescribing information, a brief summary of which appears on the 


Aldactone l 


(spironolactone) 25-mg. tablets j 


he dure that helps maintain the delicate balance of electrolytes. . 
n other measures are considered inadequate or inappropriate. 


re prescribing, please consult the complete prescribing information, a brief summary of which appears on the facing page. 



































One of the Most Frequently Overdiagnosed Diseases! 


B Here at last 

is an objective study of 
essential reactive 
hypoglycemia . . . definition, 
recognition, pathology, 
etiology, and treatment. 


Editors: 


D. Andreani, MD, Prof. of Clinical Endocrinology. Univ. of Rome 


P. Lefébvre, MO, Dept. of Medicine, University of Liége 
V. Marks, DM. Prof., Dept. of Biochemistry, Univ. of Surrey 


Name 


Address 





City 
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Please send me a copy of HYPOGLYCEMIA for 30 days' free examination and use at 
$23.00 (money back if you return book). 


This European (Rome) Symposium was the first free inter- 
change of ideas among scientists in the various medical dis- 
ciplines—physiology, internal medicine, endocrinology, clin- 
ical biochemistry, etc.—necessary to the understanding, 
diagnosis and treatment of hypoglycemia. The concentration 
was on the various aspects of insulin-producing tumors and 
the vexed question of essential reactive hypoglycemia. Spe- 
cial attention was given to the widespread misinterpretation 
of laboratory data relating to the prolonged oral glucose test 
which has resulted in the erroneous belief that "millions 
suffer from hypoglycemia.’ 

Send for this fascinating publication on a 30 day free trial 
basis. Keep it only if more than pleased. 

HYPOGLYCEMIA has been carefully edited to simplify 
readability and comprehension. A brief summary allowing for 
quick review precedes each article. 


135 double-column pages, 126 illustrations, figures, tables, $23.00 
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3500E 


Latest bedside 
cardiac output 
computer monitoring 
technology. 


MODEL 
3501 


Companion auto- 
matic recorder for 
thermodilution curve 


Features: 
e AUTOMATIC body and 
injectate temperatures 


e AUTOMATIC thermal curve 
recording 


e CHOICE of injectate volume 
and temperature 
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e ACCURATE cardiac outputs 
— adult and pediatric ranges 

e SIMPLE pushbutton 
operation 
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Features: 


e Convenient and complete 
sterile packaging 

* Precalibrated and 
interchangeable 

e Adult, pediatric and direct 
placement sizes 


e Tapered tip — pressure fidelity 
and introduction 


e Thermistor located inside J 
curve — prevents P. A. wall contact 


e Balloon protection shield 


For additional information contact Ross A. Linnemann 
KIMRAY MEDICAL ASSOCIATES 
53 N.W. 42nd, Oklahoma City, Oklahoma 73118 
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dison did not simply envision a lamp; 
he envisioned a total lighting system. 


With this same systems orientation, 
Intermedics has created not just a new pacemaker, 
but a total heart pacing system. 





Ihe GyberLith. 


A. dae able new multi-pi 


pacing A Stem. 





When Thomas Edison wed his incandescent lamp to 
a practical electrical distribution network, he 
created a lighting system that was to revolutionize 
the way man lived. 

Intermedics tooks its cue from the 
scientific genius of men like Edison and 
became the first pacemaker manufacturer 
to offer an unprecedented range of pro- 
grammable pacemaker functions in a total, 
fail-safe, heart pacing system. 

The multi-programmable CyberLith system. 










The CyberLith 
provides unprecedented 
control of heart pacing therapy. 


Always maintaining a close relationship with its cus- 
tomers, Intermedics was quick to realize that physician 
were demanding greater control in their use of multi- 
programmable pacemakers. Control that would enabk 
them to respond precisely to their patients' problems. 
Now, the CyberLith System puts that control in you 
hands. Our CyberLith (Model 253-05) gives you: 


© Versatility, with 15 pacing rates ranging from 20 to 120 f 

e Flexibility, with 15 pulse widths varying from 0.15 to 2.29: 

e Responsiveness, with 7 sensitivity levels. 

e Adaptability, with three operating modes—R-wave inhi 
(demand), asynchronous (fixed rate), or R-wave synchrc 
(demand). 


Fail-safe programming ensures 
system control. 


This unparalleled range of programmable features is 
made possible by custom CMOS (complementary met 
oxide-semiconductor) integrated circuitry, recognized f 
its high reliability and low power consumption. 

CyberLith functions may be programmed individual 
or in combination, using a battery-powered portable P 
grammer. Reprogramming is automatically confirmed, 
and an advanced fail-safe feature guards against accide 
tal reprogramming. 





e CyberLith. A system that Thomas 
ison would admire. 


tact your Intermedics Representative for additional 
rmation on the many other advantages of our multi- 
zrammable CyberLith Pacing System. 

t Intermedics, we are producing tomorrow’s 


inology today, because OUR BUSINESS IS LIFE. 





ee limited edition print offer 
»m Intermedics, Inc. 


: Thomas Edison original water color is the third in a 


2s by artist Ron Adair, commissioned by Intermedics. 


mited-edition print, numbered and signed by the 

st, is available to physicians only from Intermedics. 
»btain your print, please write to Marketing Admin- 
ition, Intermedics, Inc., P.O. Box 617, Freeport, 

as 7/541. 


2: The CyberLith is currently undergoing clinical evaluation and is not routinely 
ale on a commercial basis. 


medics, Inc., June 1979. 
Lith ™ is a trádemark of Intermedics, Inc. 


Intermedics Pulse Generators 
INDICATIONS FOR USE Implantable cardiac pulse generators 


may be indicated for long-term treatment of impulse formation or 
conduction di resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and 

variable service life as a result of factors such as the initial capacity 

of the battery and the shelf storage time of the manufactured pace- 
maker; variations in electrode system resistances, stimulation rate, and 
the percentage of time the implanted pacemaker is inhibited; and ran- 
dom electronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pace- 
maker system to damage the pulse generator. Specifically, diathermy 
should not be used on pacemaker patients because of possible total inhi- 
bition of the pulse generator; electrocautery can inhibit and/or damage 
the pacemaker as well as cause burns or possible ventricular fibrillation; 
defibrillation can damage the pacemaker, and the presence of the pace- 
maker may cause increased cardiac muscle damage from defibrillation. 
Microwave ovens that do not exceed federal guidelines for leakage (0.5 
W/cm? at 2.5 cm from the appliance) will not affect the pacemaker, but 
leakage in excess of that amount may cause interference. Certain elec- 
trical and gasoline-powered appliances can cause inhibition of an 
implanted cardiac pacemaker system. 

For complete precautions, see the Physician's Manual for the 


Intermedics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, embolism, and car- 
diac tamponade have been reported. 


%@ Intermedics Inc. 


P.O. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life. 
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Two out of every five hypertensives 
found to be hyperlipidemic 
in recent study! 


Lipid abnormalities are often part of a broader 
clinical picture. For example, a recent study? 
reports an association between hypertension and 
hypertriglyceridemia—the most common form of 
hyperlipidemia. (See table below.) 


When diet alone 
Ai not enough , d S 
tromuicd^ 
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Incidence of Hyperlipidemia 

































Type of Hypertensives Normotensives 
Hyperlipidemia* (89 subjects) (89 subjects) 
Type IIA 9% (8) - CHIOTS 
Type IIB 696 (5) 396 (3) 
Type IV 26% (23) 1196 (10) 
Total §  4196(36) 21% (19) 





yperlipidemia was diagnosed when cholesterol levels exceeded 282 mg% 
nd /or triglycerides were over 177 mg%—cutoff points higher than the usual 
pper limits of normal 

dapted from Thomas, G. W.. et a/.' 


he essential measurements— 
holesterol and triglycerides 


oday, lipid determinations are recommended as 
bart of every general medical examination. 


because elevated lipids may coexist with high 
lood pressure, it is especially important to screen 
ypertensive patients for hyperlipidemia. Testing 

br both cholesterol and triglycerides is considered 
ssential,?-5 since it increases the chances of 
etection from 6 out of 10 to 9.5 out of 10.9 







AN IMPORTANT NOTE: It has not been established 
hether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the 
orbidity or mortality due to atherosclerosis or coronary 

eart disease. Several years will be required before current 
nvestigations will yield an answer to this question. 






significantly lowers 
serum levels of 
cholesterol and/or 
triglycerides 


Proved effective in study after study 


In clinical studies involving patients with 
drug-responsive hyperlipoproteinemia, diet plus 
ATROMID-S (clofibrate) lowered serum cholesterol 
levels from 2296 to as much as 5296 and reduced 
triglyceride values over a range of 1996 to 8096.71? 


Patient acceptance is generally good 


In more than a decade of use, clofibrate has been 
generally well tolerated. Major adverse effects 

are primarily gastrointestinal, with nausea being 
predominant. Other G.I. reactions include loose 
stools, flatulence, abdominal distress, and, 
infrequently, gallstones. Less common reactions 
include muscle cramping, myalgia, and alopecia. 
Please see “Important Note” at left and Warning on 
concomitant anticoagulant usage in prescribing 
information on following page. 


The most widely prescribed antilipemic agent 


AtromidS 


(clofibrate) 


See next page of this advertisement for prescribing information. 
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Atromid-S (clofibrate 
2 capsules bid. 


BRIEF SUMMARY 

(For full prescribing information, see package Circular.) 
ATROMID-S* Brand of clofibrate 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
respond adequately to diet and other measures for the reduction of elevated serum 
cholesterol (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate ap- 
pears to have a greater depressant effect on the very low density lipoproteins (Sẹ 20- 
400) rich in triglycerides than the low density lipoproteins (S, 0-20) rich in cholesterol. 
ATROMID-S is also indicated tor treatment of patients with xanthoma tuberosum asso- 
ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate 


It has not been established whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality aue to 
atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question. 


CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate. 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk. 


It is contraindicated in patients with clinically significant hepatic or renal dysfunctien. 


It is contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases. 


WARNINGS: CAUTION SHCULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


Strict birth control procedures must be exercised by women of childbearing potential. 
In patients who plan to become pregnant, clofibrate should be withdrawn several 
months before conception. Because of the possibility of pregnancy occurring despite 
birth contro! precautions in patients taking clofibrate, the possible benefits of the drug 
to the patient must be weighed against possible hazards to the fetus. 
Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans is not known at this time, :t can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
respond adequately to dietary intervention. 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
control serum lipids with appropnate dietary regimens, weight loss in obese patients, 
control of diabetes mellitus, etc. 


Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should be obtained during the first few 
months of ATROMID-S administration, and periodic determinations thereafter. The drug 
should be withdrawn after three months if response is inadequate. However, in the case of 
xanthoma tuberosum, the drug should be employed for longer periods (even up te one 
year) provided that there is a reduction in the size and/or number of the xanthomata. 


Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations 
of serum cholesterol peak elevations in midwinter and late summer and decreases in 
fall and spring. If the drug is discontinued, the patient should be placed on an 
appropriate hypolipidemic diet, and his serum lipids should be monitored unti: 
stabilized, as a rise in these values to or above the original baseline may occur. 





During clofibrate therapy, frequent serum transaminase determinations and other liv 
function tests should be performed since the drug may produce abnormalities in the: 
parameters. These effects are usually reversible when the drug IS discontinued. Hepat 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or snc 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution 
'hose patients with a past history of jaundice or hepatic disease. 


Clofibrate may produce “flu like" symptoms (muscular aching, soreness, cramping). TI 
physician should differentiate this from actual viral and/or bacterial disease. 


Use with caution in patients with peptic ulcer since reactivation has been reporte 
Whether this is drug-related is unknown. 


Complete blood counts should be done periodically since anemia, and more frequent 
leukopenia have been reported in patients who have been taking clofibrate. 


Various cardiac arrhythmias have been reported with the use of clofibrate. 


Several investigators have observed in their studies that clofibrate may produce 
decrease in cholesterol linoleate but an increase in palmitoleate and oleate, the lat 
being considered atherogenic in experimental animals. The significance of this findi 
is unknown at this time. 


ADVERSE REACTIONS: Cf the pertinent reactions, the most common is nausea. Le 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspeps 
flatulence, and abdominal distress. Reactions reported less often than gastrointestir 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness; sk 
rash, urticaria, and pruritus. dry brittle hair, and alopecia 


The following reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 


Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 


Genitourinary 
Impotence and decreased libido 
Findings consistent with renai dysfunction as evidenced by dysuria, hematuria, p 
teinuria, decreased urine output. One patient's renal biopsy suggested “aller 
reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
"Flu like" symptoms 
Arthralgia 


Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 


Miscellaneous 
Weight gain 
Polyphagia 

Laboratory Findings 
Abnormal liver functiom tests as evidenced by increased transaminase (SGOT 

SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 


Reported adverse reactions whose direct relationship with the drug has not 
established: peptic ulcer. gastrointestinal hemorrhage, rheumatoid arthritis, tremors, 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomas 
thrombocytopenic purpura. 

DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 
daily, in divided doses. Some patients may respond to a lower dosage. 


Maintenance. Same as for initial dosage 
Note: In children, insufficient studies have been done to show safety and efficacy. 


DRUG INTERACTIONS: Caution should be exercised when anticoagulants are give 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced usu 
by one-half (depending cn the individua! case) to maintain the prothrombin time at 
desired level to prevent bleeding complications. Frequent prothrombin determinations 
advisable until it has been definitely determined that the prothrombin level has 
stabilized. 


MANAGEMENT OF OVERDOSAGE: While there has been no reported case of over 
age, should it occur, symptomatic supportive measures should be taken. 


HOW SUPPLIED: ATROMID-S—No. 243—Each capsule contains 500 mg clofibrat 
bottles of 100 

References: 1. Thomas. G. W., et al.: Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E 
Jr.: Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A. 
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Pharmacol. Ther. 17:171 (Feb.) 1975. 8. Gelfand, M. L., and Garbor, M.: Exhibit, A 
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et al : J. Clin. Invest. 49 1007 (May) 1970. 10. Levy, R. l., et al.: Ann. Intern. Med. 77 
(Aug.) 1972. 11. Berkowitz, D.: J.A.M.A. 278:1002 (Nov. 15) 1971. 12. Lorenzo, E 
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Ayerst Laboratories 
New York, N.Y. 10017 


REPORTS ON THERAPY 








Hydralazine in the Management of Left Ventricular Failure 


DAVID H. FITCHETT, MB, B CHIR, 
MRCP * 

JOSE A. MARIN NETO, MDt 

CELIA M. OAKLEY, MD, FRCP, FACC 

JOHN F. GOODWIN, MD, FRCP, FACC 


London, England 


From the Division of Cardiovascular Disease 
(Clinical Cardiology), Department of Medicine, 
Royal Postgraduate Medical School, London, 
England. This work was supported by the British 
Heart Foundation and the CIBA Laboratories, 
Horsham, Sussex, England. Manuscript received 
May 2, 1978; revised manuscript received March 
5, 1979, accepted March 7, 1979. 

* Research Fellow, British Heart Foundation, 
London, England. 

t Research Fellow supported by Fundacao de 
Amparo A Pesquisa Do Estado De Sao Paulo, Sao 
Paulo, Brazil. 

Address for reprints: J. F. Goodwin, MD, Royal 
Postgraduate Medical School, Hammersmith 
Hospital, Du Cane Road, London W12 OHS, En- 
gland. 


This study was designed to compare the short and long-term effects of 
hydralazine when used as a vasodilator in the treatment of left ventricular 
failure. The hemodynamic changes after the acute intravenous and 
long-term oral administration of hydralazine were compared in a group 
of 16 patients with left ventricular failure (14 patients with congestive 
cardiomyopathy and two with hypertensive heart failure). After 20 mg 
of hydralazine, administered intravenously there was a 56 percent in- 
crease in stroke volume (P <0.001) and a 27 percent decrease in left 
ventricular filling pressure (P <0.001) but no significant change in heart 
rate despite a 16 percent decrease in mean arterial pressure (P 
«0.001 ). 

Seven of the patients then took hydralazine, 200 to 300 orally/day for 
4 to 6 weeks. They were restudied during therapy with the drug and again 
48 to 72 hours after stopping it. After the period of oral treatment there 
was a 71 percent increase in stroke volume (P « 0.001) and a 25 percent 
decrease in left ventricular filling pressure (P «0.05). Forty-eight to 72 
hours after discontinuation of drug administration, left ventricular filling 
pressure had returned to the control value (—3 percent, P 70.05), but 
the stroke volume was still slightly elevated (+14 percent, P <0.05). The 
results show that oral administration of hydralazine can produce sustained 
benefit with changes similar to those induced by intravenous adminis- 
tration. The second control study after discontinuation of hydralazine 
therapy confirmed that these changes had been induced by and were 
dependent on the drug. 


As early as 1956 a striking improvement in both cardiovascular and renal 
function was observed after the intravenous administration of hydral- 
azine to patients with heart failure.! Despite thig early recognition of 
benefit vasodilator drugs have only recently been included in the man- 
agement of normotensive heart failure and acknowledged as offering a 
physiologic approach to the problem.? 

Vasodilators have been beneficial in both acute and chronic left ven- 
tricular failure.” Studies of single dose therapy have demonstrated that 
acute oral administration of a vasodilator is effective, and longer-term 
oral vasodilator therapy also appears to confer clinical and hemodynamic 
benefit.^5 Successful long-term oral treatment with minoxidil, with 
marked clinical and hemodynamic deterioration after its discontinua- 
tion, was reported in a single case.? Combined administration of sub- 
lingual nitrate and oral hydralazine has been reported to confer additive 
hemodynamic benefit and to be followed by sustained clinical im- 
provement.?.10 

No study has yet compared the effects of acute intravenous and 
long-term oral administration of the same vasodilator or allowed for 
possible spontaneous variation in left ventricular function. We chose 
to study hydralazine, which has been shown to improve left ventricular 
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function after both acute and chronic administra- 
tion.^^?-1! Our purpose was to determine whether 
long-term oral administration of hydralazine was as 
effective as intravenous administration and to compare 
the hemodynamic response to each. To detect possible 
spontaneous or sustaimed changes in left ventricular 
performance during the period of oral treatment the 
control study was repeated after withdrawal of the 
drug. 


Methods 
Patients 


Sixteen patients with clinical and radiologic evidence of left 
ventricular failure of 6 menths’ to 42 years’ duration entered 
the study (Table I); 13 were men and three were women. 
Their ages ranged from 24 to 72 years, and all but two (with 
hypertensive heart failure) had clinical features of congestive 
(dilated) cardiomyopathy. All had a dilated, poorly con- 
tracting left ventricle on contrast angiography. All had an 
ejection fraction of less than 35 percent. Significant mitral 
regurgitation was seen in only four patients (moderate in 
Patients 1, 3 and 13, and severe in Patient 8). The majority 
were severely symptomatic (10 of 16 were in New York Heart 
Association functional class III or IV).!? 

All patients had been receiving therapeutic doses of digoxin 
and diuretics orally (furesemide, 80 to 160 mg daily: 14 pa- 
tients; spironolactone, 75 to 150 mg daily: 3 patients; amilo- 
ride, 10 to 30 mg daily: 5 patients). One patient (Case 12) was 
receiving methyldopa, 250 mg, four times daily, and another 
(Case 14) was receiving isosorbide dinitrate, 10 mg, four times 
daily. All these drugs were continued in unchanged doses until 
completion of the study. Before this study the patients had 
been in a stable clinical state with no weight change over the 
previous week and no change in therapy. The study was passed 
by the Research Ethics Committee of Hammersmith Hospital, 
and each patient gave informed consent. 


Intravenous Study 


Right heart catheterization was performed using an end 
hole Cordis A1 catheter inserted percutaneously with the 


TABLE | 
Clinical Data 
Coronary Mitral 
Case Age (yr) Arteri- NYHA  Regurgi- 
no. & Sex Diagnosis ography Class tation 
1 47M COCM N IV Moderate 
2 26M COCM N I s 
3 72M COCM N Ii Moderate 
4 44F COCM TE I es 
5 65M COCM N lil Trivial 
6 44M COCM N Il ixi 
7 50M COCM N Hl TW 
8 24M COCM AR IV Severe 
9 43M COCM N I NN 
10 46F Hypertensive N I 
11 53F COC N I die 
12 55M Hypertensive N Hi Trivial 
13 51M COCM N IV Moderate 
14 40M COCM ee IV Trivial 
15 43M COCM N IV "m 
16 56M COGM N I 


COCM = congestive cardiomyopathy; NYHA Class = New York 
Heart Association functional class; N = normal. 


Seldinger technique into the femoral or subclavian vein. An 
18 gauge sampling cannula was inserted into the brachial or 
femoral artery. Pressures were recorded using an Electronics 
for Medicine DR12 multichannel recorder, with the reference 
level at the mid axillary line. Pulmonary arterial diastolic 
pressure and systemic arterial pressure were recorded si- 
multaneously. Mean pressures were determined with elec- 
tronic damping. 

Cardiac output was measured with a dye-dilution tech- 
nique after injection of 5 mg of indocyanine green into the 
pulmonary artery and sampling from the peripheral arterial 
cannula through an Electronics for Medicine cuvette. Cali- 
bration dilutions of known concentrations of green dye in the 
patient’s blood were passed through the cuvette after each 
investigation. The dye-dilution curves were analyzed using 
either the Hamilton or the Hetzel method. The latter was used 
when it seemed likely that recirculation was influencing the 
downslope of the curve at an early point. In each patient the 
same method of analysis was used consistently throughout the 
study. 

Forearm blood flow was measured in six patients with the 
venous occlusion technique, using a mercury-in-rubber strain 
gauge.!! The hand cireulation was interrupted by inflation of 
a wrist cuff to above systolic pressure for 1 minute before any 
determination of forearm flow.!? The rationale and validity 
of the method have been fully discussed previously.!4 

After control observations of heart rate, pulmonary and 
systemic arterial pressures, and cardiac output in triplicate, 
hydralazine, 20 mg, was given by intravenous injection for 10 
minutes. Heart rate, pressures and cardiac output were 
measured again 10, 15 and 20 minutes after the completion 
of the injection. 


Long-Term Oral Study 


Oral administration of hydralazine was started with a di- 
vided daily dose of 200 to 300 mg (nine patients received 300 
mg daily, 75 mg every 6 hours and four patients received 200 
mg daily, 50 mg every 6 hours) while administration of other 
drugs was unchanged. These doses were chosen according to 
individual patient tolerance with regard to the appearance of 
headache. The patients were then discharged and advised to 
continue their usual daily activities at home. 

The patients were readmitted 4 to 6 weeks later, when 
clinical and radiologic observations were repeated with the 
patients again in a fasting basal state. A no. 7 A1 catheter was 
inserted percutaneously through the right subclavian vein and 
positioned in the right pulmonary artery. Sterile dressings 
covered the entry point of the catheter, which was strapped 
to the upper chest wall. Arterial samples were taken through 
a cannula as in the first part of the study, and all measure- 
ments were repeated in triplicate. After removal of the arterial 
cannula, the pulmonary arterial catheter was left in place, 
filled with 5,000 units of heparin and sealed with a sterile 
obturator. Oral administration of hydralazine was then 
stopped and the patient again encouraged to resume his usual 
daily activity. Other treatment was maintained unchanged. 
Forty-eight to 72 hours later, measurements were repeated 
with the patient in a basal fasting state. These observations 
were usually made in the morning after the patients had re- 
ceived their diuretic drugs, but no effort was made to ensure 
a constant period of time between the drug administration and 
the hemodynamic study. After completion of the study the 
pulmonary arterial line was removed. 

The following derived indexes were calculated: Cardiac 
index (CI) = cardiac output (CO)/body surface area (BSA) 
(liters/min/m2); stroke volume index (SVT) = cardiac index/ 
heart rate (ml/m?); stroke work index (SWI) = SVI X 
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(MAP-PADP) X 1.36 X 107? (g-m/m?), where MAP = mean 
arterial pressure and PADP = pulmonary arterial diastolic 
pressure; systemic vascular resistance - MAP — 10/CO x 80 
(dynes sec cm^5); forearm vascular resistance = (mm Hg/ml 
per min per 100 ml); and forearm blood flow was measured in 
ml/min per 100 ml. 

Statistical analysis was performed using Student's paired 
t test. The hemodynamic measurements were made at the 
time of maximal effect on cardiac output after intravenous 
hydralazine and were compared with both the control obser- 
vations and those made after withdrawal of the drug. 
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Results 


'The hemodynamic studies were completed without 
complications. No problems were encountered for the 
subclavian venous catheter left in place for up to 72 
hours. 


Intravenous Study 


Control hemodynamics (Table II): These mea- 
surements in 16 patients reflect the severity of the 
cardiac failure with raised pulmonary arterial diastolic 








TABLE Il 
Effects of Intravenous Hydralazine 
Case no. HR MAP MPAP PADP CI SI SWI FBF FR SVR 
1 
C 96 79 44 33 2.5 28 18 1251 
H 90 59 32 23 3.8 42 21 596 
2 
C 85 87 17 14 "i 34 34 1301 
ae 90 77 14 9 4.2 46 43 729 
C 72* 90 36 26 1.4 19 17 2857 
H 72 80 27 17 2.4 33 28 1458 
4 
C 102 115 25 20 D^ 17 22 1.1 91 2774 
H 81 68 10 8 3.9 48 39 1.6 41 684 
5 
C 78 77 38 25 2.8 35 25 2.0 39 1035 
H 72 65 33 22 3.8 53 31 3.2 20 631 
6 
C 108 92 46 35 1.8 17 13 3.1 30 2003 
H 102 68 32 21 3.8 37 24 4.4 18 693 
7 
C 110 117 52 35 1.9 17 19 3.8 31 2443 
H 100 107 41 24 4.8 48 54 8.8 12 875 
8 
C 108 94 60 50 2.0 19 11 4.4 22 1789 
H 106 73 48 35 3.5 33 17 4.8 15 768 
9 
C 73 85 20 12 2.7 37 37 1.9 46 1384 
H 91 75 20 12 4.0 43 37 3.7 20 823 
10 
C 72 96 18 10 4.3 59 69 948 
H 72 70 13 6 5.5 76 66 516 
11 
C 66 90 16 10 2.5 38 38 1422 
H 78 80 20 12 4.5 58 54 691 
12 
C 64 95 25 12 LUN 26 31 2.8 34 2368 
H 68 90 24 12 2.5 36 40 3.4 27 1532 
13 
C 72 70 32 25 2.6 36 30 1143 
H 72 52 25 18 3.4 47 36 807 
14 
C 107 87 48 39 1.5 14 15 2636 
H 103 75 42 32 1.6 16 14 2113 
15 
C 121 98 50 44 1.9 16 20 2440 
A 120 88 48 36 3.1 26 28 1257 
16 
C 64+ 86 26 20 1.9 29 31 1989 
H 92 92 28 22 3.3 36 41 1136 
Mean + SEM 
C 90t5 9125 35 + 4 26 3 2.2+0.2 27 13 27 t4 2.7 £0.5 42 19 1861+ 170 
H 89+4 76+4 29+3 19+2 3.6 + 0.3 42+4 36 + 4 4.3 + 0.9 22104 957 + 112 
% Change —196 — 1696 =TT 50 27% +64% +56 96 +33% +59% —48 96 —49 96 
P value NS «0.001  À «0.001 «0.001 «0.00 1 «0.001 . «0.005 «0.005 «0.02 «0.001 


C — control; CI — cardiac index (liters/min per M?); FBF — forearm blood flow (ml/min/100 ml); FR — forearm vascular resistance (mm/Hg/ 
ml/min/ 100 ml); H = hydralazine; HR = heart rate (beats/min); MAP = mean arterial blood pressure (mm Hg); MPAP = mean pulmonary artery 
pressure (mm Hg); NS = not significant; P = probability; PADP = pulmonary artery diastolic pressure (mm Hg); SI = stroke volume index (ml/beat 
per M?); SVR = systemic vascular resistance (dynes sec cm 5); SWI = stroke volume index (g.m/beat per M?). 


* Fixed rate pacemaker. 


* Arterial fibrillation (values not taken for calculating MEAN and SEM). 
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pressure of 26 + 3 mm Hg and reduced stroke volume 
index of 27 + 3 ml/m?. 

Intravenous hydralazine (Table III): The peak 
effect of hydralazine was assessed from the maximal rise 
in cardiac output. This was reached 10 to 15 minutes 
after completion of the injection. The other hemody- 
namic variables were usually stabilized at this time, but 
no further measurements were carried out after 20 
minutes. At this time (Fig. 1) there was a 16 percent 
decrease in mean arterial blood pressure (91 + 3 to 76 
+ 4 mm Hg, P <0.001) without a significant overall 
change in heart rate (90 + 5 to 89 + 4 beats/min). 

Pulmonary arterial diastolic pressure decreased 27 
percent (26 + 3 to 19 + 2 mm Hg, P «0.001), cardiac 
index increased 64 percent (2.2 + 0.2 to 3.3 + 0.3 li- 
ters/min per m?, P «0.001), stroke volume index 56 
percent (27 + 3 to 42 + 4 ml/m?, P «0.001) and forearm 
blood flow 59 percent (2.7 + 0.5 to 4.3 + 0.9 ml/min per 
100 ml, P «0.05). 

The decrease in the forearm vascular resistance of 48 
percent (42 + 9 to 27 + 4 mm Hg/ml per min per 100 ml, 
P «0.02) mirrored the decrease in systemic vascular 
resistance of 49 percent (1,861 + 170 to 957 + 112 dynes 
sec cm~, P «0.001). The stroke work index increased 
33 percent (27 + 4 to 36 + 4 g.m/m?, P <0.005) despite 
the large decrease in mean systemic arterial pressure. 


Long-Term Oral Study 


Clinical observations: Thirteen patients were 
started on oral hydralazine, 200 to 300 mg daily. Eight 
patients had symptomatic benefit with decreased 
lethargy and increased exercise tolerance. One patient 
(Case 14), with severe left ventricular failure, had less 


frequent episodes of pulmonary edema, less fatigue and 
improved peripheral circulation despite little im- 
provement in exercise capacity. On withdrawal of hy- 
dralazine signs of low output cardiac failure (peripheral 
cyanosis and hepatic pain) returned within 48 hours. 
Four less severely affected patients (Cases 3, 5, 6 and 8) 
noted a deterioration in exercise tolerance when the 
drug was stopped, although this was not assessed 
quantitatively. 

Complications: In one patient (Case 1) progressively 
severe heart failure developed and administration of 
hydralazine was stepped. Two other patients (Cases 8 
and 13) with extremely severe congestive cardiomyop- 
athy did not show improvement while taking oral hy- 
dralazine and died 1 and 6 months, respectively, after 
the initial study. 

Only one patient (Case 6) had a positive antinuclear 
factor. After 6 weeks’ treatment he noted a marked 
improvement in exercise capacity that has been main- 
tained 10 months later. No clinical lupus syndrome has 
developed. 

Control hemodynamics (Table ITI): The 7 patients 
who completed the oral study had control hemodynamic 
findings indicative of more severe heart failure than that 
of the overall group of 16 patients. The mean values in 
these seven patients were cardiac index 1.9 + 0.2 li- 
ters/min per m2, stroke index 21 + 3 ml/m? and pul- 
monary arterial diastolic pressure 32 + 5 mm Hg). 

Intravenous hydralazine: The intravenous ad- 
ministration of hydralazine was followed by a significant 
9 percent decrease in heart rate (103 + 6 to 94 + 6 
beats/min, P «0.05). The other changes induced by 
intravenous hydralazine were comparable with those 





TABLE lll 
Effects of Oral Hydralazine 
Case 
no. HR MAP MPAP PADP CI SI SWI FBF FR SVR 
3 
C 72 90 36 26 1.4 19 17 T vs 2857 
H 72 88 28 18 2.1 29 28 oe eas 1857 
W 72 96 31 24 - T iss ah ; $3 
4 
C 102 115 25 20 1.7 17 22 1.1 91 2774 
H 92 102 13 8 3.5 38 49 6.0 17 1198 
Ww 108 112 20 14 2.0 19 25 4.8 23 2333 
5 
C 78 77 38 25 2.8 35 25 2.0 39 1035 
H 88 69 35 26 4.7 53 31 5.2 13 552 
W 84 75 40 31 3.5 42 25 2.9 26 819 
6 
C 108 92 46 35 1.8 17 13 3.1 30 2003 
H 90 68 20 16 3.1 34 24 3.6 19 844 
W 96 77 30 22 2.2 23 17 3.4 23 1375 
7 
C 110 117 52 35 1.9 17 19 3.8 31 2443 
H 112 110 50 36 2.9 26 26 4.1 27 1509 
W 110 110 50 40 2.4 22 18 1.4 71 1651 
8 
C 108 94 60 50 2.0 29 11 4.4 22 1789 
H 108 80 50 36 4.0 37 22 5.4 15 753 
Ww 120 92 57 48 2.6 21 13 3.2 29 1372 
14 
C 110 88 "M ios ry qh 
H 114 72 42 31 3.7 32 28 i P 751 
W 107 87 48 39 1.5 15 16 v^ Maus 2370 
W = after withdrawal of hydralazine; other abbreviations as in Table Il. 
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of the overall group (cardiac index 3.4 + 0.4, stroke 
index 38 + 5 ml/m? and pulmonary arterial diastolic 
pressure 23 + 4 mm Hg). 

Oral hydralazine (Table III): After 4 to 6 weeks’ 
treatment with oral hydralazine, 200 to 300 mg daily, 
the seven patients restudied maintained hemodynamic 
improvement similar to that observed in the acute in- 
travenous study (Fig. 2). Compared with the control 
value pulmonary arterial diastolic pressure had de- 
creased 25 percent (32 + 5 to 24 + 4 mm Hg, P «0.05). 
Cardiac index had increased 79 percent (1.9 + 0.2 to 3.4 
+ 0.3 liters/min per m?, P <0.001), stroke volume index 
71 percent (21 + 3 to 36 + 4 ml/m?, P «0.001) and 
forearm blood flow 41 percent (2.9 + 0.7 to 4.9 + 0.5 
ml/min per 100 ml, P «0.05). The reduction in forearm 
resistance of 58 percent (43 + 14 to 18 + 3, P <0.05) was 
again similar to the decrease in systemic vascular re- 
sistance of 51 percent (2,150 + 308 to 1,066 + 194 units, 
P «0.005). Despite a 12 percent decrease in mean ar- 
terial blood pressure (96 + 6 to 84 + 7 mm Hg, P <0.001) 
there was no significant change in heart rate (103 + 6 
to 101 + 5 beats/min). 


Withdrawal Control Study 


Forty-eight to 72 hours after withdrawal of oral hy- 
dralazine both the mean arterial pressure (96 + 6 versus 
93 + 6 mm Hg, P >0.05) and the pulmonary arterial 
diastolic pressure (32 + 5 mm Hg, P >0.05) increased 
again to values that were not significantly different from 
the control observations 4 to 6 weeks earlier. However, 
both cardiac index (2.4 + 0.3 versus 1.9 + 0.2 liters/min 
per m?, P <0.005) and stroke index (24 + 4 versus 21 + 
3 ml/m?, P «0.05) were still higher than control 
values. 


Discussion 


In this study we compared the effects of intravenous 
administration of hydralazine with the changes ob- 
served after oral administration of hydralazine for 4 to 
6 weeks. A similar hemodynamic response was recorded 
during both modes of treatment. Other investigators®-!° 
reached the same conclusion using dissimilar vasodi- 
lators given parenterally and orally. No study has yet 
compared the short- and long-term administration of 
the same drug. Improvement in circulatory performance 
was demonstrated by an increase in cardiac output in 
every patient, and left ventricular filling pressure was 
reduced in 12 of the 16 studies. Patients 9, 11, 12 and 16 
with unchanged or even rising pulmonary arterial dia- 
stolic pressure after intravenous hydralazine either had 
less severe left ventricular failure or were (in retrospect) 
overtreated with diuretics. Such changes are quantita- 
tively similar to the hemodynamic response in normal 
or hypertensive patients.! 41^ 

Vasodilator effects on blood pressure and heart 
rate in heart failure: Patients with heart failure re- 
spond very differently to a vasodilator than do normal 
or hypertensive subjects without heart failure. In our 
study group there was a 16 percent decrease in mean 
arterial pressure but no significant change in heart rate. 
Pulmonary arterial diastolic pressure decreased 27 
percent, and this change is greater than that observed 
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either by Judson et al.! after intravenous administration 
of hydralazine or by Franciosa et al.!! after adminis- 
tration of the drug in a single oral dose. It is recognized 
that the tachycardia produced by vasodilators in normal 
and hypertensive subjects is not usually observed in 
patients with heart failure.^!? Observation of individual 
data both from our study and from published work 
shows that a number of patients had a decrease in heart 
rate despite a decrease in systemic arterial pressure. 
This paradoxic heart rate response has previously been 
explained by a widening of the pulse pressure simulta- 
neously with the slight decrease in mean arterial pres- 
sure’ but in our study there was no correlation between 
changes in heart rate and the systemic arterial pulse 
pressure. Reduction of plasma catecholamine levels 
after vasodilators is also an effect believed to represent 
a likely mechanism for the paradoxic heart rate 
changes.!^ Diminished baroreceptor activity is also 
believed to be important." 

We believe that diminished baroreflex sensitivity and 
the unloading of arterial receptors can contribute to the 
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FIGURE 1. Hemodynamic observations before (C) and after hydrala- 
zine, 20 mg (H), in 16 patients with left ventricular failure. All changes 
(apart from those marked ns) were significant, that is, P «0.05 (P values 
given in Table Il). C.I. = cardiac index; F.B.F. = forearm blood flow; F.R. 
— forearm vascular resistance; H.R. — heart rate; L — liter; M.A.P. — 
mean arterial blood pressure; M.P.A.P. — mean pulmonary arterial 
pressure; P.A.D.P. — pulmonary arterial diastolic pressure; S.V.R. — 
systemic vascular resistance; S.W.l. = stroke work index. 


August 1979 The American Journal of CARDIOLOGY Volume 44 307 


HYDRALAZINE IN LEFT VENTRICULAR FAILURE—FITCHETT ET AL. 


E 
— 
e 


T : st = 
eg = 100 : rii. Le $ ns b. a € 
r£ y T * E 9 ^ 
E xs x 
80 1 
10 
wes 
EL sos ^ má 
ee Or wr we f ns a È a 
Qc $- O g $. 
z6% at AS AU a 
20 cs 
4.0 ~ 40 
^a AES _< 
= E39 E ^4 E fi 
E 2.0 V I f 
1.0 
= 2500 
E $. 
| 40 8 x 
h AA > 41500 
= t as ul 1 ns u e 
v 520 s à Š 
10 500 
_ 6.0 E 50 
E ns i = : 
ty) o2 NERO. au s A % 
yee Ate tees eee 
= V «s = 
= = 
2.0 & *10 
C IV 0 W C 


abnormal heart rate responses. Impairment of reflexly 
induced intrinsic cardiac sympathetic activity is known 
to occur in heart failure.!^!^ In addition, the normal 
resting vagal restraint on the sinus node is reduced in 
patients with heart failure.!6 Thus parasympathetic 
withdrawal is unavailable to produce a tachycardia after 
vasodilator-induced hypotension. The blunted arterial 
baroreflex is probably due to central modulation of the 
reflex by increased arterial receptor activity from in- 
creased atrial pressures. Vanner et al." showed in 
conscious dogs that infusion of saline solution sufficient 
to substantially increase atrial pressures is accompanied 
by attenuation of the arterial baroreflex.!? The stimu- 
lation of these atrial receptors also causes a tachycardia 
in animal experiments.!? From the results of such ani- 
mal experiments it is a reasonable hypothesis that pa- 
tients with heart failure and increased filling pressures 
have overloaded atrial receptors. When the atrial re- 
ceptors are unloaded by decreased filling pressures 
subsequent to vasodilator administration the tendency 
to produce a tachycardia mediated by a damped arterial 
baroreflex would be counteracted by the opposite trend 
toward a decrease in heart rate due to diminished 
stimulation of the atrial receptors. Which of these 
mechanisms prevails will determine the individual heart 
rate response to the vasodilator agent. This hypothesis 


308 


mpvpUu-—-—--——-—*——-—-———— M LK ee ee ee ee 


FIGURE 2. Hemodynamic observations before (C), after 
intravenous hydralazine, 20 mg (IV), after 4 to 6 weeks’ 
treatment with oral hydralazine, 200 to 300 mg daily (O) 
and after withdrawal of hydralazine (W) for 48 to 72 hours 
in seven patients with left ventricular failure. All changes 
(apart from those marked ns) were significantly different 
from the initial observations (that is, P «0.05 [P values 
given in Table III]). S.V.I. = stroke volume index; other 
abbreviations as in Figure 1. 


is supported by the acceptable correlation in our results 
between the changes in heart rate and left heart filling 
pressures (Fig. 3). 

Improved left ventricular function: Our study was 
designed to allow for any variation in left ventricular 
performance that was not drug induced by matching 
control observations both before and after the period 
of oral administration of hydralazine. Previous studies 
of vasodilator therapy for chronic left ventricular failure 
have only included control observations before treat- 
ment, thus failing to identify any improvement that 
might have occurred during the period of study, either 
because of the drug or spontaneously, but independent 
of any continuing effect of the drug. Chatterjee et al.? 
suggested that in one patient minoxidil had caused 
long-term therapeutic benefit. When it was withdrawn 
from a patient with severe congestive heart failure there 
was marked symptomatic and hemodynamic deterio- 
ration. 

In our series the hemodynamic benefits observed 
after 4 to 6 weeks' treatment were lost after the drug was 
discontinued. Pulmonary arterial diastolic pressure rose 
to levels very close to those before treatment; however, 
the residual 15 percent increase in stroke output may 
represent some continuing improvement in myocardial 
function. It is also conceivable that some residual va- 
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sodilator effect could be responsible for this improve- 
ment.!? It is possible that sustained reduction of left 
ventricular afterload benefits the failing heart in the 
same way that complete bedrest alleviates heart 
failure. 

Clinical effects: Symptomatic improvement was 
observed in 8 of 13 patients who were given long-term 
oral hydralazine. Increased effort tolerance was less 
marked than a considerable reduction in lethargy and 
fatigue. No patient had postural hypotension or a 
marked decrease in arterial pressure. It is likely that the 
reduced left ventricular systolic pressure and implied 
reduction in left ventricular diastolic size determined 
a decrease in myocardial oxygen demands in the resting 
subject. 

Side effects: Despite the use of large doses of hy- 
dralazine only one patient has had immunologic (but 
no clinical) evidence of the lupus syndrome after 10 
months' treatment. Two patients who had frequent 
ventricular ectopic beats before to treatment with hy- 
dralazine had episodes of ventricular tachycardia, which 
regressed on withdrawal of the drug. It is possible that 
this resulted either from reflex sympathetic stimulation 
or a direct stimulant effect of hydralazine.?? The ar- 
rythmia caused worsening of the cardiac failure, and no 
beneficial vasodilator effect of the drug could be ob- 
served. In one patient after intravenous hydralazine the 
frequency of coupled ventricular ectopic beats increased 
although there was no increase in the intrinsic sinus 
nodal rate. 

Clinical implications: The changes observed after 
a period of oral treatment reflect the hemodynamic 
improvements seen after an intravenous bolus dose of 
hydralazine. Although it is not possible from a single test 
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FIGURE 3. Correlation (r) between change in heart rate (. HR) and left 
ventricular filling pressure (A PADP) after intravenous hydralazine. 


to predict the long-term outcome of treatment it may 
be possible to decide which patients could benefit from 
long-term oral treatment, without the development of 
tachycardia, increasing left ventricular filling pressures 
or arrhythmias. Our study has shown that hydralazine 
has long-term beneficial effects that are maintained. 
Few drugs are capable of producing such substantial 
sustained increases in cardiac output in patients with 
severe heart failure. Whether this increase is maintained 
with exercise remains to be shown. Further work is also 
needed to develop a direct arteriolar vasodilator without 


the unwanted side effects of those currently avail- 
able. 
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To compare the hemodynamic effects of prazosin and nitroprusside in 
patients with severe congestive heart failure, nine patients with heart 
failure refractory to conventional therapy received oral prazosin and in- 
travenous nitroprusside administered so as to produce a similar decrease 
in left ventricular filling pressure in each patient. By this comparison, both 
drugs produced similar decreases in mean right atrial pressure, mean 
pulmonary arterial pressure and systemic and pulmonary vascular re- 
sistance. However, with nitroprusside, cardiac index increased more 
(+0.97 versus +0.73 liters/min per m?, P <0.01) and mean arterial 
pressure decreased less (— 13.7 versus —18.3 mm Hg, P <0.05) than with 
prazosin. Both drugs produced similar changes in stroke volume index 
(+11.7 cc/beat per m? with nitroprusside and + 12.5 with prazosin) and 
stroke work index (+8.1 g-m/m? with nitroprusside and +6.6 with pra- 
zosin). Therefore, the differences in the hemodynamic responses observed 
with the two agents were due to the significantly greater decrease in heart 
rate with prazosin (—8 beats/min) than with nitroprusside ( —2 beats/min, 
P <0.05). These clinical data support experimental evidence suggesting 
that there is a significant negative chronotropic action of prazosin inde- 
pendent of its peripheral vascular effects. 


'The administration of intravenous nitroprusside produces significant 
reductions in vascular impedance and ventricular filling pressures in 
patients with severe congestive heart failure with accompanying rapid 
clinical improvement.'? However, use of nitroprusside has largely been 
limited to the short-term therapy of heart failure due to acute myocardial 
infarction," valve regurgitation®® and ischemic and nonischemic 
cardiomyopathy.” Its administration requires both a continuous 
infusion and invasive hemodynamic monitoring in order to titrate dosage 
requirements carefully. Prolonged therapy is therefore difficult and 
associated with the potential hazards of thiocyanate accumulation.?.1? 

Prazosin, a peripheral vasodilator with balanced venous and arterial 
effects,!!? has been suggested as an alternative oral agent in the man- 
agement of patients with severe heart failure because its hemodynamic 
effects are similar to those of nitroprusside.!?!^ However, previous 
studies!?!4 utilized arbitrarily selected doses of the two agents for 
comparison, the infusion rate of nitroprusside being variably titrated 
to an unspecified or fixed end point. Because the hemodynamic effects 
of nitroprusside are dose-dependent,!5?!6 important differences between 
the two drugs could be created or obscured by such an arbitrary com- 
parison. We compared the hemodynamic effects of prazosin and nitro- 
prusside, matched for a similar reduction in left ventricular filling 
pressure in each patient, in order to detect significant differences be- 
tween the two agents that could have clinical implications. 
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Methods 


Patients: We evaluated nine patients with severe long-term 
congestive heart failure refractory to optimal conventional 
therapy with digitalis and diuretic agents (Table I). All had 
persistent dyspnea at rest or on minimal exertion and either 
did not respond to oral furosemide or had fatigue and azote- 
mia with progressive increments in diuretic dosage. There 
were eight men and one woman aged 56 to 72 years (mean 65 
years). The cause of the heart failure was idiopathic cardio- 
myopathy in four patients, ischemic cardiomyopathy in four 
patients and severe chronic aortic regurgitation in one patient 
(who had a ventricular ejection fraction of 30 percent). Diag- 
nosis was based on clinical, electrocardiographic and echo- 
cardiographic criteria and was confirmed by cardiac cathe- 
terization in five patients. All patients had clinical or angio- 
graphic evidence of mitral regurgitation. The duration of heart 
failure ranged from 7 months to 8 years. Normal sinus rhythm 
was present in all patients. Each patient was receiving ther- 
apeutic doses of digoxin and furosemide, the latter in doses 
of 80 to 800 mg daily (mean 262); two patients were also re- 
ceiving spironolactone. 

All patients were studied during a period of relative clinical 
stability. Bed rest was maintained and all medications in- 
cluding digoxin and furosemide were withheld for 12 hours 
before the study. 

Hemodynamic measurements: After written informed 
consent was obtained, right heart catheterization was per- 
formed with a triple lumen flow-directed balloon-tipped 
catheter (Edwards Laboratories) through which measure- 
ments of right atrial, pulmonary arterial and pulmonary 
capillary wedge pressures were made. Arterial cannulas were 
inserted percutaneously or by cutdown into the radial artery 
in all patients. Measurements were made with 0 reference level 
at the mid axillary line with the patient supine. Left ventric- 
ular filling pressure was measured as mean pulmonary capil- 
lary wedge pressure or as pulmonary arterial diastolic pressure 
after its identity with wedge pressure was established. Cardiac 
output was assessed with the thermodilution technique and 
determined in triplicate with a bedside cardiac output com- 
puter using room temperature injectate. Heart rate was de- 
rived simultaneously during cardiac output determinations 
from a continuously recorded electrocardiogram. 

Drug administration: A protocol was designed to compare 
oral prazosin with an intravenous infusion of nitroprusside 
titrated so as to achieve a similar reduction of left ventricular 
filling pressure under similar baseline hemodynamic condi- 
tions. Baseline determinations of the following hemodynamic 
variables were made for a minimum of 3 hours to ensure sta- 
bility of the baseline hemodynamic state: mean arterial 
pressure, heart rate, left ventricular filling pressure, mean 
pulmonary arterial pressure, mean right atrial pressure and 
cardiac output. 

Sodium nitroprusside (50 mg) (Nipride®, Roche Labora- 
tories) was reconstituted in 250 cc of 5 percent dextrose in 
water and infused by peripheral vein at controlled rates de- 
termined by an IVAC 530 infusion pump apparatus. The 
initial infusion rate was 15 ug/min and was increased by in- 
crements of 15 to 30 ug/min every 15 to 20 minutes until an 
infusion rate of 300 ug/min was achieved (eight patients) or 
systolic blood pressure decreased to less than 85 mm Hg (one 
patient). All hemodynamic variables were redetermined 15 
to 20 minutes after each increment in nitroprusside infusion. 
When the infusion end point was achieved, nitroprusside was 
discontinued and hemodynamic variables were permitted to 
return to control values. The total duration of nitroprusside 
infusion ranged from 3 to 4 hours. 


After discontinuation of the nitroprusside infusion, 
baseline hemodynamic variables were determined for another 
3 hour interval. Special care was taken to assure similarity of 
the second baseline hemodynamic state to the baseline state 
before administration of nitroprusside. Each patient then 
received 5 mg of prazosin hydrochloride (a8 Minipress® cap- 
sules, Pfizer Laboratories), administered orally; the mean dose 
normalized for body weight was 86 ug/kg (range 47 to 106 
ug/kg). We chose a dose of 5 mg because of its equivalence to 
100 mg of hydralazine in the treatment of hypertension; this 
dose of hydralazine had previously been very effective in the 
therapy of heart failure.!5-?? After prazosin administration, 
all hemodynamic variables were redetermined at 30 minute 
intervals for 4 hours and at 1 to 2 hour intervals until the 
baseline hemodynamic state was again achieved. Clinical 
symptoms were carefully recorded in each case. 

Data analysis: Mean systemic and pulmonary arterial 
pressures were determined with use of electronic damping. 
Derived hemodynamic variables were calculated as follows: 

1. Cardiac index (CI) = cardiac output (CO)/body surface 
area (liters/min per m?). 

2. Systemic vascular resistance (SVR) = 80 (MAP — 
MRAP)/CO (dynes sec cm~), where MAP = mean arterial 
pressure and MRAP = mean right atrial pressure. 

3. Pulmonary vascular resistance (PVR) = 80 (MPAP — 
LVFP)/CO (dynes sec cm^5), where LVFP = left ventricular 
filling pressure and MPAP = mean pulmonary arterial pres- 
sure. 

4. Stroke volume index (SVI) = CI/HR (cc/beat per m?). 

5. Stroke work index (SWI) = SVI Xx 0.0136 Xx (MAP — 
LVFP) (g-m/m?). 

The hemodynamic responses at the time of maximal 
prazosin effect on left ventricular filling pressure were noted; 
the range of infused rates of nitroprusside was then examined 
retrospectively and a dose was selected that produced a re- 
duction in left ventricular filling pressure of similar magnitude 
to that produced by prazosin. The hemodynamic changes 
produced by these two agents were then compared using 
Student's paired t test. 


Results 


Onset and duration of hemodynamic changes: 
'The baseline hemodynamic variables before adminis- 


TABLE | 
Clinical Information on Nine Patients 
Dose of 
Cause of Furosemide 
Case Age (yr) Heart NYHA per 24 
no. & Sex Failure Class? Hours (mg) 
1 70M CM IV 320 
2 64M CM IV 80 
g' 70M ICM IV 800 
4 56M CM Hl 120 
5* 71F ICM IV 200 
6* 59M ICM IV 200 
7” 56M CM Hl 120 
8 67M ICM IV 400 
9* 72M AR IV 120 


* Diagnosis confirmed with cardiac catheterization. 

AR = aortic regurgitation; CM = i lopathic cardiomyopathy; ICM = 
ischemic cardiomyopathy with clinical history of past infarction or 
electrocardiographic evidence for segmental scar, or both; NYHA class 
= New York Heart Association functional class. 
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tration of prazosin and nitroprusside were similar. With 
both drugs, cardiac index increased greatly in associa- 
tion with substantial reductions in systemic vascular 
resistance and right and left ventricular filling pressures. 
The onset of action of nitroprusside occurred within 2 
to 5 minutes of drug administration, and the hemody- 
namic effects stabilized with little further change after 
10 to 15 minutes of initiation or increments of the 
infusion. With discontinuation of the drug infusion, 
hemodynamic variables rapidly returned to control 
values within 5 minutes. In contrast, the onset of action 
of prazosin was observed at 30 to 60 minutes, with peak 
effects occurring generally 90 minutes after adminis- 
tration of the drug (range 60 to 180 minutes). Changes 
in hemodynamic variables persisted near the peak effect 
for 6 to 10 hours and then gradually returned to control 
values 12 to 30 hours after drug administration (mean 
+ standard error of the mean, 19 + 2 hours). With pra- 
zosin, the duration of the reduction in right and left 
ventricular filling pressures surpassed the dutation of 
increased cardiac index by 3 to 6 hours. 

Similar hemodynamic changes with nitroprus- 
side and prazosin: The infusion rates of nitroprusside 
necessary to produce decreases in left ventricular filling 
pressure similar to those produced by 5 mg of prazosin 
ranged in the nine patients from 100 to 300 ug/min 
(mean 177 + 33). At doses of nitroprusside and prazosin 
matched for similar reductions in left ventricular filling 


pressure (Table II and Fig. 1 to 3), mean pulmonary 
arterial pressure decreased 13.1 + 1.3 mm Hg with ni- 
troprusside and 11.9 + 1.6 with prazosin; mean right 
atrial pressure decreased 6.9 + 1.0 mm Hg with nitro- 
prusside and 6.6 + 1.0 with prazosin. Systemic vascular 
resistance decreased 862 + 105 dynes sec cm^? with 
nitroprusside and 892 + 129 with prazosin; pulmonary 
vascular resistance declined 207 + 41 dynes sec cm^? 
with nitroprusside and 171 + 33 with prazosin. All of 
these drug-mediated changes were significantly dif- 
ferent from control values at P «0.001 and were not 
significantly different from each other. 

Dissimilar hemodynamic changes with nitro- 
prusside and prazosin: Significant differences between 
nitroprusside and prazosin-mediated hemodynamic 
changes were observed in three hemodynamic variables. 
Cardiac index increased more with nitroprusside (1.75 
to 2.72 [+0.97] liters/min per m?) than with prazosin 
(1.72 to 2.45 [+0.73]) (P «0.01). Mean systemic arterial 
pressure decreased less with nitroprusside (—13.7 + 1.5 
mm Hg) than with prazosin (—18.3 + 2.5) (P <0.05). 
Heart rate slowed insignificantly with nitroprusside 
(from 86 to 84 beats/min) but decreased significantly 
with prazosin (from 85 to 77) (P <0.01); the changes in 
heart rate seen with the two agents were significantly 
different from each other at P «0.05. However, the 
changes in stroke volume index (+11.7 + 0.8 cc/beat per 
m? with nitroprusside and +12.5 + 1.5 with prazosin) 








TABLE Il 
Individual Hemodynamic Changes With Nitroprusside and Prazosin 
CI LVFP MAP MRAP HR SVI SWI MPAP SVR PVR 
C B NoD C Doc 5D ED B5 D C D 6r D C D C D 

Case 1 

NP 149 288, 26° 16 78 -63r 8 2 88 88 19.7 32.5 13.4 208 37 25 1634 899 268 133 
PZ 1890 :449 26 16-77 58 6 2 88 88 20.5 27.6 14.2 161 38 25 1609 987 280 156 

ase 2 

NP 1444 7154.28 . 21 71 61 4 38 92 68 16.0 28.5 94 155 43 34 2111 1488 556 365 
ass A 1.41 186 28 21 fe OO: 16: 9 85 64 16.5 29.1 9.9 15.4 43 34 2154 1489 577 380 

ase 

NP 1.41 2.39 20 11 GS" 260) 48) 2 90 90 15.7 266 102 177 37 21 1853 1055 525 182 
a PZ 199 AX .22. 19 "U0 588. .9 s 90 375 148 289 B.S- TAZ .38..27 19598 -1100 -572 - 280 

ase 4 à; 

NP 109. ZHD JU 34 86. 7H. 19. 3 80 80 20.0 32.4 18.2 264 43 29 2380 1259 401 266 
a PZ : KOT 238 '30 35 .' 97 . 02 13 4 80 70 20.1 34.0 183 217 45 26 2400 1121 429 212 

ase 

NP 1.58..2.00 28 315 ..82 098 24 13 75 80 20.4 33.6 15.5 247 52 39 2231 1224 1000 525 
De d ol. 250 -2/. 7 890 8660.23 13 75 70 20.1 40.3 169 269 51 41 2576 1224 937 565 

ase : 

NP 1.34 2.41 25 17 100 90 15 -6 90 86 149 28.0 15.2 27.8 37 31 3383 1878 478 309 
Nes y 1.30 >- d-an 26 TG 102 65 16. 5 90 80 15.0 27.9 15.7 26.2 36 29 3406 1910 436 310 

ase 

NP LeTo 21 11 De. : OT £O 96 96 23.0 36.9 19.1 28.1 36 24 1471 782 294 159 
a é 2.05 (3.00. 21 2 Te S8 B 4 92 92 226 38 17.98. 26.5 38 28. 1521 865 250 216 

ase 

NP CA 3.01. 335 10 ^01 502 6 0 100 98 248 314; 19:6 222. 37:20. 1238 910 249 147 
Ours à 238 2:55 . 23 40 790 60 8 3 96 90 248 29.4 189 200 37 21 1321 950 260 183 

ase 

NP Lee o202 7 d^ 99 77. 2 0 60 70 32.8 43.1 28.1 38.7 44 25 1989 1134 384 206 

PZ 198 252-25. 12 90 71 4 0 68 60 29.1 43.7 25.3 35.1 44 27 1933 1203 404 254 


CI = cardiac index (liters/min per m°); C = control; D = drug; HR = heart rate (beats/min); LVFP = left ventricular filling pressure (mm Hg); MAP 
= mean systemic arterial pressure (mm Hg); MPAP = mean pulmonary arterial pressure (mm Hg); MRAP = mean right atrial pressure (mm Hg); 
NP = nitroprusside; PVR = pulmonary vascular resistance (dynes sec cm~); PZ = prazosin; SVI = stroke volume index (cc/beat per m?); SVR 
= systemic vascular resistance (dynes sec cm" 5); SWI = stroke work index (g-m/m^?). 
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FIGURE 1. Changes in left ventricular filling 
pressure, mean right atrial pressure and sys- 
temic vascular resistance with matched doses 
of nitroprusside (NP) and prazosin (PZ) in nine 
patients. Open bars show control values and 
hatched bars peak drug effect; all values are 
expressed as mean + standard error of the 
mean (SEM). Asterisks represent statistical 
significance of changes with each drug com- 
pared with its control values. Probability (P) 
values above the bars represent statistical 


7 
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WV 


LEFT VENTRICULAR FILLING PRESSURE (mm Hg) 


A 


significance of the hemodynamic changes with NP PZ 
nitroprusside compared with those produced 
by prazosin. NS = not significant. I-*SEM *-2- 


and stroke work index (+8.1 + 0.9 g-m/m? with nitro- 
prusside and +6.6 + 1.2 with prazosin) were similar with 
the two drugs. 

Symptomatic effects: All patients experienced a 
marked improvement in dyspnea, disappearance of 
orthopnea and a feeling of well being during adminis- 
tration of nitroprusside and prazosin. There were no 
adverse effects observed with either drug and no patient 
became symptomatic during the decrease in blood 
pressure and heart rate induced by either agent. 


Discussion 


Our results indicate that although prazosin may 
produce in patients with severe heart failure balanced 
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reduction of preload and afterload quantitatively sim- 
ilar to that produced by nitroprusside, the drug has an 
additional negative chronotropic effect in most patients. 
When doses were so matched that each drug reduced 
left ventricular filling pressure to a similar degree in 
each patient, prazosin produced significantly smaller 
increments in cardiac index and greater decreases in 
mean systemic arterial pressure than did nitroprusside. 
Because the decrease in systemic vascular resistance 
and the increase in stroke volume index were similar, 
these differences seem to be due to the significantly 
greater decline in heart rate observed with prazosin. 
Indeed, heart rate slowed in seven of the nine patients 
receiving the drug, the slowing ranging from 5 to 21 
beats/min 1 to 2 hours after oral administration. 
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FIGURE 2. Changes in cardiac index, mean systemic 12 f 60 70 
arterial pressure, and heart rate with matched doses | NP PZ NP PZ 
of nitroprusside and prazosin. L — liter; other abbre- 
viations and symbols as in Figure 1. I-*SEM *=P<.001 t-:P«.CI 
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Comparison of results with previous studies: 
Previous comparisons of the effects of prazosin and 
nitroprusside have provided conflicting results. Awan 
et al.!? found that the changes observed in all hemo- 
dynamic variables with the two drugs were similar; 
however, Mehta et al.!* demonstrated that, despite 
similar declines in mean systemic arterial pressure, ni- 
troprusside produced a greater increase in stroke work 
and a greater decrease in left ventricular filling pressure 
than did prazosin. However, in both studies, the effects 
of prazosin were observed at a fixed time rather than at 
peak drug effect; our data indicate that, although peak 
responses to prazosin generally occurred at 1 1/2 hours, 
they could be observed from 60 to 150 minutes after 
drug administration; therefore, the use of a fixed ob- 
servation time could be misleading. Moreover, in earlier 
studies, the titration end point for nitroprusside was 
either not stated! or arbitrarily selected,!^ and in nei- 
ther case was it matched in an individual patient to the 
changes induced by prazosin. Because individual re- 
sponses to each drug vary widely and the hemodynamic 
effects of nitroprusside are dose-dependent,!?!6 sig- 
nificant differences between the two agents could be 
obscured or created by comparing arbitrarily selected 
doses of both drugs. Therefore, we titrated nitroprusside 
to a wide range of infused rates and retrospectively se- 
lected for comparison the hemodynamic variables at the 
level at which the reduction in left ventricular filling 
pressure was equal to that obtained with the subse- 
quently administered dose of prazosin. 

We chose to compare the effects of both drugs at an 
equal reduction in left ventricular filling pressure be- 
cause alterations in this variable are dependent on 
changes in both arteriolar resistance and venous 
tone,9.21-23 which are decreased in a balanced fashion 
by nitroprusside and prazosin.?2425 Moreover, when 
matched for changes in left ventricular filling pressure, 
both agents also produced a similar reduction in sys- 
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FIGURE 3. Changes in stroke volume index, stroke 
work index and pulmonary vascular resistance with 
matched doses of nitroprusside and prazosin. G-m = 
gram-meter; M? = square meter; other abbreviations 
and symbols as in Figure 1. 
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temic vascular resistance (reflecting arteriolar dilata- 
tion) and mean right atrial pressure (reflecting venous 
dilatation) in each patient. Therefore, had we selected 
these variables as end points for comparison, our results 
would have been the same. However, had we selected 
doses of nitroprusside that produced decreases in mean 
arterial pressure similar to those produced by prazosin, 
we would have demonstrated a greater increase in stroke 
work index and a greater decrease in left ventricular 
filling pressure with nitroprusside, as did Mehta et 
"ae 

Mechanism of slowing of heart rate with pra- 
zosin: Significant negative chronotropic effects have 
previously been observed with prazosin.2® In hyper- 
tensive patients without heart failure, prazosin-me- 
diated vasodilatation is not accompanied by the ex- 
pected reflex tachycardia,” and hydralazine-induced 
tachycardia can be blocked by prazosin.?? The mecha- 
nism of this negative chronotropic effect is controver- 
sial. Because dopamine hydroxylase activity is inhibited 
in physiologic concentrations, attenuation of sym- 
pathetically mediated increases in heart rate may 
occur.?? The drug has potent alpha sympathetic re- 
ceptor blocking activity and can produce bradycardia 
by an action on the postsynaptic alpha sympathetic 
receptor.?? Furthermore, prazosin is an effective in- 
hibitor of cardiac and smooth muscle phosphodiester- 
ase?5; the resultant increased levels of cyclic guanosine 
monophosphate at cholinergic receptor sites in the 
myocardium may enhance cholinergic myocardial 
stimuli and contribute to a negative chronotropic ac- 
tion.?! Of interest, this inhibition of cyclic guanine 
monophosphate hydrolysis is more effective at higher 
concentration of the drug than the minimum required 
to produce peripheral circulatory effects.?? This could 
explain the more pronounced bradycardia observed in 
our patients with use of larger doses of prazosin than in 
previous studies. /?:14 
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Comparison with other vasodilators: The negative 
chronotropic effects of prazosin are dissimilar to the 
effects on heart rate of other vasodilator agents. 
Whereas nitroprusside and hydralazine consistently 
elicit a reflex tachycardia in patients with hypertensive 
heart disease,??-? no increase in heart rate was 
observed with these agents in patients with heart fail- 
ure!-3,18,35,36 (Table IIT). The reasons for these different 
responses are unknown but are probably related to a 
reduction in the high circulating plasma catecholamine 
levels that accompany the improvement in cardiac 
performance.?? In contrast, the negative chronotropic 
effects of prazosin serve to block the expected tachy- 
cardia in hypertensive patients without heart fail- 
ure?738-40. hence, it is not surprising that the drug 
produces significant decreases in heart rate in patients 
with left ventricular failure. These distinctions are 
especially striking when prazosin is compared with 
phentolamine, another alpha sympathetic blocking 
vasodilator drug. This latter agent produces tachycardia 
both in patients with hypertensive heart disease*!4? and 
in patients with congestive heart failure,*?-^? because 
the drug paradoxically enhances the synthesis and cir- 
culation of catecholamines in the face of presynaptic 
alpha sympathetic blockade. Accordingly, cardiac index 
increases to a greater extent with phentolamine than 
with nitroprusside at hemodynamically equipotent 
doses.49 The effects of circulating catecholamines are 
blocked by the postsynaptic blockade characteristic of 
prazosin?? so that, compared with equipotent doses of 
nitroprusside, cardiac index increases to a lesser extent 
with prazosin. 

Clinical implications: Our findings of a significant 
negative chronotropic effect with first doses of prazosin 
have potentially important clinical implications. This 
action may potentiate the profound symptomatic hy- 
potension that frequently occurs with large initial doses 
of the drug in hypertensive patients,*’~°” especially in 
those who have had syncopal episodes without the ex- 
pected compensatory increase in heart rate.?? Similarly, 
the negative chronotropic action of prazosin could in 
part explain why the decreases in mean arterial pressure 
observed with prazosin in patients with heart failure are 
greater than those observed with other vasodilator 
drugs.11.18-21,36,5455 Other investigators have recently 
reported that the decreases in heart rate seen with other 


TABLE III 


Hemodynamic Effects of Vasodilators in Hypertension and 
Heart Failure 


Normotensive 
Patients 
With Heart Failure 
LVFP SVR HR 


Hypertensive Patients 
Without Heart Failure 
LVFP SVR HR 


Nitroprusside | H j) I" ll. 158 
Prazosin | H 0 Hd Hd | 
Phentolamine | H tt H Lf jj 
Hydralazine 0-1 il tt 0-1 4 0 
HR = heart rate; LVFP = left ventricular filling pressure; SVR = 
systemic vascular resistance. | — increased; | | — greatly increased; 


i — decreased; i = greatly decreased; 0 = no change. 


vasodilator agents may play an important role in the 
potentiation of severe hypotension and in the precipi- 
tation of episodes of syncope.°® 

Although the negative chronotropic effects of pra- 
zosin could be clinically beneficial in patients with se- 
vere heart failure who have underlying ischemic heart 
disease, ischemic episodes have been provoked by the 
pronounced decreases in coronary arterial perfusion 
that accompany the marked reduction in systemic 
pressures.*’ Furthermore, because severe symptomatic 
bradycardia has been reported with the use of other 
sympatholytic antihypertensive agents in patients with 
sinus node disease, caution should be exercised in the 
use of prazosin in patients with this disorder.°’ 

Because of peripheral vascular effects similar to those 
obtained with nitroprusside, prazosin has been advo- 
cated for the long-term ambulatory therapy of patients 
with severe heart failure.!?^?5 However, because the 
decreases in blood pressure and heart rate with the first 
doses of prazosin may be detrimental in a few patients, 
and in view of recent reports of the rapid development 
of tolerance to the beneficial effects of prazosin with 
long-term use,?9?-9! a careful reassessment of the role of 
prazosin in the management of patients with severe 
congestive heart failure seems necessary. 
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The effect of propranolol on global cardiac function during exercise was 
analyzed with equilibrium radionuclide angiography in 10 patients with 
ischemic heart disease. All patients had angina pectoris and S-T segment 
depression of more than 0.1 mv during treadmill exercise when not taking 
propranolol. Each patient was stressed with supine bicycle exercise to 
the same work load on a maintenance dose of propranolol (120 to 400 
mg/day) and on a second occasion without the drug, the two tests being 
separated by an average of 16 days. The mean heart rate was reduced 
both at rest and during exercise after propranolol, but propranolol caused 
no significant reduction of the left ventricular ejection fraction at rest. In 
the study without administration of propranolol the average ejection 
fraction during exercise decreased from 0.56 + 0.09 (standard deviation) 
to 0.50 + 0.14. With propranolol, the ejection fraction was improved from 
the control value in every patient, the average value during peak exercise 
reaching 0.60 + 0.15. Thus, the average ejection fraction increased by 
22 percent (+12 percent) relative to the value during the same exercise 
without propranolol (P <0.001). In 16 other patients with ischemic heart 
disease who did not take propranolol, reproducibility of the ejection 
fraction both at rest and at peak exercise on two occasions within 15 days 
was good (r = 0.95 and 0.97, respectively). It is concluded that oral 
propranolol therapy in patients with coronary artery disease can ame- 
liorate left ventricular dysfunction induced by exercise and thereby may 
reduce myocardial ischemia. 


Propranolol can provide effective relief of angina pectoris in patients 
with coronary heart disease.'!~° The mechanism of this effect has been 
presumed to relate to decreased myocardial oxygen requirements caused 
by beta adrenergic blockade, reflected indirectly by a reduction of the 
heart rate-blood pressure product during exercise,®’ but the direct ef- 
fects of propranolol on left ventricular function during exercise have not 
been studied in human beings. Investigations in patients with chronic 
coronary artery disease using radionuclide methods have indicated that 
during ischemia induced by exercise the ejection fraction decreases,?? 
and studies in conscious experimental animals with chronic coronary 
arterial stenosis indicate that exercise causes severe regional myocardial 
dysfunction and hemodynamic abnormalities.! Whether or not pro- 
pranolol can affect such exercise-induced abnormalities is unknown, 
although in conscious dogs with acute coronary stenosis studied at rest 
intravenous propranolol greatly reduced or eliminated severe regional 
left ventricular dysfunction.!! Accordingly, the aim of our study was to 
determine how long-term oral treatment with propranolol in patients 
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with exercise-induced ischemia and angina pectoris 
affects global left ventricular function at rest and during 
exercise, using equilibrium radionuclide angiography. 


Methods 


Patients: Ten patients (nine men, 1 woman) (Table I) were 
studied after written informed consent had been obtained. All 
patients had angina pectoris and an abnormal electrocardio- 
graphic respense to treadmill exercise (greater than 0.1 mv 
horizontal or downsloping S-T segment depression), using a 
modified Balke-Ware protocol.!? Six patients had a docu- 
mented prior myocardial infarction; none had hypertension 
or signs of heart failure. 

Equipment and imaging techniques: Multiple electro- 
cardiographic gated equilibrium radionuclide angiograms 
were performed after complete mixing throughout the vas- 
cular space of 20 to 25 mCi of technetium-99m labeled human 
serum albumin, administered through a peripheral arm vein, 
as previously described.59.!?.4^ Imaging was performed by 
positioning the detector of a single crystal scintillation camera 
of the Anger type over the chest in a 40 to 50? left anterior 
oblique projection. A 5? to 10? caudal tilt was used to isolate 
the left ventricle optimally from the right ventricle and left 
atrium. Data acquisition was accomplished with a commer- 
cially available nuclear medicine computer system (Medical 
Data Systems—PAD [MUGA |). This device divides the R-R 
interval into 28 equal time periods (frames) of 20 to 40 msec 
duration and assembles several hundred cardiac cycles at 
corresponding times to generate composite images throughout 
the heart cycle. In a 2 minute acquisition, 2,500 to 7,000 counts 
(corrected for background) are usually accumulated within 
the left ventricular region of interest at end-diastole during 
a 40 msec frame. 


TABLE ! 
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In order to generate a time-activity curve, a rectangular 
region of interest was arbitrarily placed around the left ven- 
tricle at end-diastole. A computer algorithm (MUGE) was 
used to determine automatically the edge of the left ventric- 
ular chamber using the second derivative and a count rate 
threshold of 5 percent per element. Each subsequent frame 
was processed at the same threshold level. Throughout all 28 
frames a “variable” region of interest was used to determine 
the changing count rate within the left ventricle. A com- 
puter-assigned background region of interest outside the left 
lower quadrant of the left ventricle was used to correct for 
noncardiac activity. The ejection fraction was then calculated 
from the time-activity curve according to the formula: 


EF = (ED, — ES,)/ED, X 100, 


where ED, = left ventricular counts at end-diastole (usually 
the first frame of the time-activity curve, corrected for back- 
ground) and ES, = left ventricular counts at end-systole 
(nadir of curve, corrected for background). 

Ejection fractions calculated by this technique have been 
shown to correlate well with those determined from biplane 
cineangiography, the correlation coefficient in our laboratory 
being 0.91.!4 

Study protocol: All patients were studied twice, at rest and 
during supine bicycle exercise, once while they were and once 
while they were not receiving propranolol. The dosage of 
propranolol was varied to achieve an optimal clinical response 
of anginal symptoms in each patient. In the seven patients who 
had been receiving long-term oral propranolol therapy (120 
to 400 mg) the initial study was performed, and then the 
propranolol was slowly withdrawn over an average of 12 days 
(range 8 to 18 days). The second study was performed 10 to 
28 days (average 16 days) after the first study. The remaining 
three patients were initially studied without propranolol. 


Clinical and Hemodynamic Data (at rest and exercise) of the 10 Patients Studied With and Without Oral Propranolol 


Exercise Responses Peak 


Study Medi- ECG 
Case Age (yr) Old Date cation Abnor- 
no. & Sex MI (1978) (mg) mality 
1 56M Yes 7/11 N; P, 320 No 
7/21 N Yes 
2 48M Yes 7/11 N; P, 240 No 
7/21 N Yes 
3 49M No 4/20 P,120 Yes 
5/5 P,120 Yes 
4 67M Yes 1414 N; P,160 Yes 
8/15 N Yes 
5 55F No 8/22 N; P, 400 No 
9/5 N Yes 
6 63M Yes 9/12 P,120 Yes 
9/29 Yes 
7 56M No 8/29 N; P,160 No 
9/11 N Yes 
8 54M Yes 7/14 No drug Yes 
7/28 P, 320 Yes 
9 54M No 9/1 N Yes 
9/11 P,160 Yes 
10 65M Yes 9/29 N Yes 
12/1 P,160 Yes 


Work 
Load Resting Peak Exercise 
Angina (kp) HR SBP EF HR SBP EF 
Yes 400 50 140 0.46 83 154 0.48 
Yes 400 68 138 0.49 108 150 0.38 
No 600 45 120 0.65 86 150 0.71 
Yes 600 60 114 0.64 108 162 0.66 
No 600 55 135 0.53 91 158 0.78 
Yes 600 65 140 0.52 97 170 0.52 
No 400 54 160 0.45 89 148 0.54 
Yes 400 59 170 0.48 98 188 0.45 
Yes 300 58 140 0.55 100 144 0.64 
Yes 300 83 136 0.63 150 174 0.57 
No 500 53 112 0.56 96 156 0.56 
Yes 500 65 130 0.59 130 165 0.46 
Yes 200 62 128 0.71 90 152 0.83 
Yes 200 69 146 0.72 98 154 0.75 
Yes 200 70 125 0.45 110 134 0.35 
Yes 200 65 130 0.45 87 126 0.40 
Yes 400 64 162 0.60 100 194 0.57 
No 400 56 132 0.59 83 168 0.64 
Yes 400 65 150 0.48 135 182 0.32 
No 400 48 148 0.44 97 176 0.37 
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ECG = electrocardiographic; EF = ejection fraction; HR = heart rate (beats/min); kp = kiloponds; MI = myocardial infarction; N = nitroglycerin; 


P = propranolol; SBP = systolic blood pressure (mm Hg). 
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Propranolol therapy was then commenced and increased 
slowly to a dose of 160 to 320 mg/day until each patient ex- 
perienced relief of angina pectoris on ordinary exertion. The 
second study was performed 10 to 32 days later, 1 week after 
the full dose of propranolol had been reached. Five patients 
were taking long-acting nitrates regularly and five were using 
sublingual nitroglycerin as needed, but nitroglycerin and 
isosorbide dinitrate had not been taken for at least 4 hours 
before any test. 

For the supine exercise test, an electronically braked bi- 
cycle ergometer (Uniwork 845 T imaging exercise table, 
Quinton Instruments) was used, which kept a constant work 
load over a pedal speed range from 40 to 70 revolutions/min. 
This allowed the work done by each patient at each level of 
exercise to be held constant. In the initial study, the work load 
was increased every 3 minutes until the patient experienced 
fatigue or chest pain. For the second study the same work load 
was used as in the initial study. 

On both occasions the ejection fraction was determined 
in the supine resting state; then the supine bicycle exercise 
was carried out. Equilibrium data were recorded for 5 minutes 
at rest and continuously throughout the entire exercise period. 
The data from the last 2 minutes of the peak 3 minute work 
load level were analyzed to avoid the rapid changes in heart 
rate and other hemodynamic variables that usually occur in 
the lst minute of a new exercise level and can affect the ac- 
curacy of the ejection fraction calculations. A 15 lead elec- 
trovectorcardiogram (14 electrodes using the modified Frank 
system) was recorded at rest and throughout the study using 
nondisposable chest electrodes that did not interfere with 
imaging, and any ST- T changes in the 15 leads were noted. 
Blood pressure was taken with an arm cuff. 

Reproducibility: Another group of 16 patients was studied 
to test the reproducibility of the ejection fraction determined 
with equilibrium radionuclide angiography at rest and during 
exercise. These patients had stable chronic coronary artery 
disease and were studied at the same work load on two occa- 
sions at an average interval of 15 days (range 1 to 66 days) 


% EF, STUDY I 





90 -— 40. — 00 80 100 
% EF, STUDY Il 


FIGURE 1. Relation between ejection fraction (EF) calculated from 
equilibrium radionuclide angiography at rest (closed circles) and peak 
exercise (open circles) in two studies (Study | and Study Il) performed 
in the same patients within an average of 15 days (1 to 66 days) to de- 
termine the reproducibility of the method. The correlation coefficients 
both at rest and peak exercise were excellent (rest r = 0.95, P <0.001: 
peak exercise r = 0.97, P <0.001). 
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without any intervening change in therapy. Excellent repro- 
ducibility of ejection fraction was found between the two 
studies, both at rest (r = 0.95) and at peak exercise (r = 0.97) 
(Fig. 1). The average difference in ejection fraction between 
the two resting studies was essentially 0 (0.0025), with a 95 
percent confidence limit of 0.02. For the study at peak exer- 
cise, the average difference was 0.01, with a 95 percent confi- 
dence limit of 0.03. Thus, any intervention such as adminis- 
tration of propranolol must produce changes greater than 
twice these limits in a group of similar size to be significantly 
different (produce nonoverlapping 95 percent confidence 
limits). — 

The statistical analysis used was an analysis of variance 
and the level of significance was P «0.05. All results are pre- 
sented as the mean + 1 standard deviation. 


Results 


Effect on heart rate and blood pressure: The ef- 
fects of propranolol on heart rate, systolic blood pres- 
sure and heart rate-systolic blood pressure product at 
rest and at peak supine bicycle exercise are shown in 
Figure 2. Without propranolol the resting heart rate 
averaged 67 + 7 beats/min (standard deviation), and the 
peak exercise heart rate was 113 + 18 beats/min; with 
propranolol, resting heart rate averaged 55 + 7 beats/ 
min and the peak exercise rate was reduced by 23 
beats/min to 90 + 6 beats/min, changes that were sig- 
nificant (Fig. 2, top left). During exercise without pro- 
pranolol 7 of the 10 patients had relatively low 
chronotropic capacity (110 beats/min) due to symp- 
tom-limited exercise (all patients had angina in the 
studies without propranolol) and the relatively reduced 
work loads known to accompany supine exercise. 

Blood pressure was not significantly different at 
rest in the presence or absence of propranolol; however, 
at peak exercise the systolic blood pressure was signif- 
icantly lower with (153 + 13 mm Hg) than without 
propranolol (167 + 18 mm Hg) (Fig. 2, top right). The 
average heart rate-systolic blood pressure product also 
was significantly lower with propranolol, both at rest 
and during exercise (Fig. 2, bottom). Two patients 
(Patients 4 and 8, Fig. 2, top right) had a slight reduction 
in systolic blood pressure at peak exercise with pro- 
pranolol; however, all 10 patients had an increased 
double product at peak exercise both with and without 
propranolol. | | 

Ejection fraetion: At rest, the average ejection 
fraction was not significantly different without or with 
propranolol (Fig. 3), the mean ejection fraction being 
0.56 + 0.09 and 0.54 + 0.09, respectively. The mean 
ejection fraction at peak exercise was decreased signif- 
icantly (P «0.05) from the resting value in patients not 
taking propranolol, and it was increased significantly 
(P «0.05) when patients were taking propranolol. 
Without propranolol the mean ejection fraction during 
exercise was 0.50 + 0.14 (mean decrease 11 percent from 
rest, P <0.05); with propranolol it was 0.60 + 0.15 (mean 
increase 11 percent from rest, P <0.05). Thus, at the 
same level of peak exercise, the mean ejection fraction 
was, on average, 22 + 12 percent greater (P «0.001) 
when patients were taking propranolol than when they 
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were not. The absolute average difference of 0.02 at rest 
with and without propranolol is within the 95 percent 
confidence limit of reproducibility, whereas the average 
decrease of 0.10 at peak exercise is well beyond any 
difference that might arise due to lack of reproduc- 
ibility. 

In every patient, propranolol produced improvement 
of the ejection fraction during exercise (Fig. 3). In six 
patients the ejection fraction at rest was normal (greater 
than 0.50), and in five of these patients it was increased 
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FIGURE 2. Effects of oral propranolol on heart rate (top 
left), systolic blood pressure (top right) and heart rate 
(HR)-systolic blood pressure (SBP) product (bottom) at 
rest and peak exercise (Pex). Closed circles represent 
values for patients before treatment with propranolol. 
Open circles represent values for the same patients re- 
ceiving maintenance therapy with oral propranolol. Each 
number represents one patient. The average values are 
represented as the mean + standard deviation. p = 
probability. 
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by at least 10 percent of the resting value during exercise 
after propranolol. In the remaining four patients the 
resting ejection fraction was low; in two of these patients 
it decreased during exercise with propranolol (but the 
decrease was less than without propranolol) and in two 
the exercise ejection fraction increased after propranolol 
(in both it decreased without propranolol). 
Electrocardiographic changes: All the patients 
exhibited significant S-T segment abnormalities during 
supine bicycle exercise without propranolol in at least 
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FIGURE 3. Effect of oral propranolol on left ventricular ejection fraction 
at rest and peak exercise (Pex). Symbols as in Figure 2. 


one of the 15 leads. In 4 of the 10 patients, S-T segment 
abnormalities did not appear during exercise when they 
were taking propranolol (Table I). 


Discussion 


The gated equilibrium radionuclide angiographic 
technique used to calculate left ventricular ejection 
fraction was previously reported to correlate well with 
angiographic studies and to be useful for detecting ab- 
normal responses to exercise.®:9:!*-!5 We have shown this 
technique to be reproducible at rest and during exercise 
over an average interval of 2 weeks, thus allowing study 
of orally active drugs over relatively long time periods. 
We were therefore able to demonstrate significant ef- 
fects of propranolol in a relatively small number of pa- 
tients. 

Propranolol and left ventricular performance 
(ejection fraction): Our finding that the average 
ejection fraction at rest is unchanged after oral admin- 
istration of propranolol confirms the results of Marshall 
et al.,/6 who demonstrated that orally administered 
propranolol, in patients with stable angina pectoris, has 
minimal effect on basal global left ventricular perfor- 
mance. Other investigators using measurements of 
echocardiographic dimensions to assess the influence 
of oral propranolol on left ventricular function found 
that it had no effect in normal subjects,!? and patients 
with coronary artery disease were reported to exhibit 
no change!? or a reduction!? of the calculated ejection 
fraction. Many previous hemodynamic studies have 
suggested that intravenous propranolol has a negative 


inotropic effect on the left ventricle.9:29-?4 It therefore 
appears from our own and most other studies that the 
effects of oral propranolol on left ventricular function 
differ from the effects observed when this drug is given 
intravenously. 

Studies in human beings on the effects on left ven- 
tricular function during exercise of long-term treatment 
with oral propranolol have not been reported. In our 
investigation, good reproducibility of the method over 
the time period encompassed by this study was dem- 
onstrated, and patients with coronary artery disease 
were then studied without propranolol and while re- 
ceiving a sustained oral dose of this drug that was ef- 
fective in relieving angina pectoris. The ejection fraction 
was not significantly depressed by propranolol at rest 
and, despite evidence of blockade of sympathetic effects 
during exercise, the patients had an increase in the ex- 
ercise ejection fraction. This response suggests that 
propranolol resulted in substantial improvement of 
function during exercise in some regions of the left 
ventricle. 

Mechanism for favorable propranolol effect on 
left ventricular function: Possible mechanisms for 
such a favorable action of propranolol on left ventricular 
function in the presence of coronary artery disease can 
be postulated. With propranolol we observed significant 
reductions of the heart rate and heart rate-blood pres- 
sure product, both at rest and at peak exercise. Heart 
rate and blood pressure as well as myocardial contrac- 
tility are well known determinants of myocardial oxygen 
consumption,??-? and their reduction during exercise 
as a result of beta adrenergic blockade could therefore 
have favorably affected oxygen usage in poorly perfused 
areas. In addition, reduction of heart rate causes an 
increase in diastolic time per minute, thereby favoring 
subendocardial perfusion.?5-?? Tomoike et al.!! showed, 
in unanesthetized dogs with coronary stenosis, that 
when heart rate was matched by atrial pacing to the rate 
existing before administration of propranolol, ischemic 
segment function remained improved although to a 
lesser degree than when the heart rate was allowed to 
slow after propranolol; this finding suggests that factors 
in addition to heart rate may have been involved in the 
improved myocardial function and blood flow observed 
after propranolol.!!?! Other possible mechanisms in- 
clude redistribution of coronary blood flow between 
uninvolved and ischemic regions, perhaps by way of 
collateral channels.! ?? 

Thus, the effects of propranolol may be mediated 
during exercise through a combination of reduced 
oxygen utilization and improved oxygen delivery in 
marginally perfused areas. Recent preliminary studies 
on regional myocardial function in conscious dogs with 
chronic coronary arterial stenosis support the view that 
propranolol relieves local ischemia, because intravenous 
propranolol relieved or greatly reduced exercise-induced 
regional myocardial dysfunction.?? Although we did not 
assess regional function in our study in human beings, 
it is likely that the improvements noted in global left 
ventricular function during exercise while the patients 
were taking propranolol resulted from reduction of re- 
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gional ischemia induced by exercise. Further support 
for this proposition is provided by the four patients 
whose S-T segment abnormalities did not appear during 
exercise when they were taking propranolol. The re- 
duction in the double product both at rest and during 
peak exercise obtained with propranolol could explain 
the absence of S-T segment changes in these four pa- 
tients, as described previously;?4 although the other six 
patients did not show similar S- T segment improvement 
with propranolol. Nevertheless, each patient had a 
better exercise ejection fraction when taking propran- 
olol. Thus, the improvement in ejection fraction may 
have been a more sensitive indicator of reduced isch- 
emia consequent to propranolol than S-T segment 
changes. 

Clinical implications: Our findings allow certain 
additional implications to be drawn. Five patients who 
had a normal left ventricular ejection fraction at rest 
also had a normal response to exercise (increased ejec- 
tion fraction) when they were taking propranolol. If 
these patients had been studied for diagnostic purposes 
while taking propranolol they would have been con- 
sidered normal and their responses would have been 
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considered “false negative." This potential problem 
therefore should be considered when using the supine 
bicycle exercise radionuclide angiographic technique 
for detecting latent coronary disease. Finally, we suggest 
that improvement of the left ventricular ejection frac- 
tion during exercise when a patient is given propranolol 
might be useful as a test to predict the presence of viable 
myocardium. Thus, regional left ventricular dysfunction 
due primarily to scar should not respond in this manner, 
and it might be expected that propranolol could worsen 
the ejection fraction during exercise in this setting. 
However, patients who exhibit improvement of the 
exercise ejection fraction while taking propranolol 
probably have regional ischemia during exercise as the 
cause of left ventricular dysfunction, and such patients 
may be more likely to have a favorable result from 
myocardial revascularization. 
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The effects of alpha methyldopa and hydrochlorothiazide therapy on 
exercise induced changes in arterial pressure, heart rate, rate-pressure 
product and total duration of exercise were evaluated with graded 
treadmill exercise. Although both agents were equally effective in reducing 
resting arterial pressure, alpha methyldopa appeared to provide slower 
build-up, a lower ceiling and more rapid recovery of arterial pressure in 
response to exercise stress than did hydrochlorothiazide. Alpha meth- 
yldopa significantly reduced the degree of rise of the rate-pressure product 
(an index of myocardial oxygen consumption) during the exercise and 
recovery phases, whereas hydrochlorothiazide failed to do so. The total 
duration of exercise (an index of work capacity) was unchanged with 
either hydrochlorothiazide or alpha methyldopa. Therapy with alpha 
methyldopa presumably reduced myocardial oxygen demand without 
reducing work capacity. 


The exaggerated arterial pressure response to exercise in untreated 
hypertensive patients has been well documented.! “+ However, the effects 
of antihypertensive therapy on this increased pressure response to ex- 
ercise have not been clearly characterized. Cardiovascular effects of 
antihypertensive therapy during exercise may differ from one agent to 
another depending on the mode of antihypertensive action even if they 
are all equally effective on resting arterial pressure. In our study, hy- 
drochlorothiazide and alpha methyldopa were evaluated individually 
and in series, in random fashion, with each subject serving as his own 
control. Multistage treadmill testing was used for exercise stress. Ex- 
ercise-induced changes in arterial pressure, heart rate, rate-pressure 
product and total duration of exercise as an index of work capacity were 
assessed before and during antihypertensive therapy. 


Methods 


Patients: Fifteen patients with hypertension were enrolled in our study and 
were seen at our Hypertension Clinic. Hypertension was defined as a systolic 
pressure of 150 mm Hg or more or a diastolic pressure of 90 mm Hg or more by 
the fifth Korotkoff sound, or both, on three occasions while sitting. Twelve of 
the 15 patients were men, all were black, and their ages ranged from 26 to 49 years 
(mean 40.2). None of the patients had taken any antihypertensive medication 
for the previous several months. After the initial evaluation, all patients were 
considered to have essential hypertension. All patients were asymptomatic, 
without clinically detectable coronary heart disease, congestive heart failure, 
stroke, significant obesity or diabetes mellitus. Three patients had early grade 
JI and five patients had grade I retinal change as assessed with the Keith- 
Wagener-Barker criteria. Five patients had left ventricular hypertrophy as judged 
from electrocardiographic voltage criteria only and none had S-T or T wave 
abnormalities at rest. 

Protocol: After informed consent was obtained from each patient, multistage 
treadmill testing according to the Bruce protocol? was performed to a level of 
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*self-determined maximal effort." A bipolar CB; electrocar- 
diogram was monitored and recorded for heart rate and as- 
sessment of electrocardiographic changes. Arterial pressure 
was measured with a clinical sphygmomanometer utilizing the 
fifth Korotkoff sound as diastolic pressure. Both the elec- 
trocardiogram and arterial pressure were recorded while the 
patient sat at rest before exercise, at the end of stage I (3 
minutes), at the subjectively determined point of maximal 
exercise and at 1, 3 and 5 minutes after the termination of 
exercise. 

After undergoing treadmill exercise testing before antihy- 
pertensive therapy, the patients were randomly assigned to 
therapy with hydrochlorothiazide or alpha methyldopa. An- 
tihypertensive therapy with each drug was continued for 4 
weeks before the exercise test was repeated. Hydrochloro- 
thiazide (50 mg once or twice a day) and alpha methyldopa 
(1.0 to 2.0 g in divided doses) were administered, the dosage 
depending on clinical responses. Each patient was then as- 
signed to the opposite regimen for the next 4 weeks, and 
treadmill testing was repeated. Exercise-induced changes 
during antihypertensive therapy were assessed with Student's 
t test. 


Results 


Cardiovascular responses during the study are sum- 
marized in Table I and Figures 1 to 3. The number of 
patients studied with each regimen are shown in Table 
í. 

Systolic pressure: Alpha methyldopa and hydro- 
chlorothiazide reduced preexercise systolic pressure (P 
<0.001) and to a comparable degree. When the results 
of treatment were compared with the pressure response 
to exercise in the untreated state, it was evident that 
hydrochlorothiazide failed to reduce the rise in systolic 
pressure during exercise or the recovery phase, except 
at 5 minutes after exercise. However, alpha methyldopa 





significantly reduced the rise in systolic pressure during 
the build-up (P <0.01) and subjective maximal stages 
(P <0.05) as well as at all phases of recovery (P <0.01) 
(Table I, Fig. 1). 

Diastolic pressure: Both hydrochlorothiazide and 
alpha methyldopa reduced the preexercise diastolic 
pressure to comparable levels (P <0.001) (Fig. 2). Hy- 
drochlorothiazide therapy did not change the response 
of diastolic pressure during the early stage of exercise 
or in the recovery phase except at 3 minutes after ex- 
ercise when results were compared with the response in 
the untreated state. However, the pressure was reduced 
at the subjective maximal stage (P <0.05). Therapy with 
alpha methyldopa resulted in a slight but significant 
reduction of the diastolic pressure response during ex- 
ercise (P <0.05). Diastolic pressure was also signifi- 
cantly less (P <0.01) at all levels of the recovery phase 
of treadmill testing during therapy with alpha meth- 
yldopa. (Table I, Fig. 2). 

Heart rate: Neither hydrochlorothiazide nor alpha 
methyldopa changed the preexercise heart rate or its 
response to treadmill exercise (‘Table I). 

Rate-pressure product: During therapy at rest this 
index was significantly decreased (P <0.001) in both 
groups. Hydrochlorothiazide failed to decrease the rise 
of rate-pressure product during and after treadmill 
exercise when results were compared with the response 
in the untreated state. However, alpha methyldopa re- 
sulted in a significant reduction of the degree of rise of 
rate-pressure product at all levels of exercise and stages 
of recovery (‘Table I, Fig. 3). 

Total duration ef exercise: Neither hydrochloro- 
thiazide nor alpha methyldopa changed the mean total 
duration of treadmill exercise (Table I). 


TABLE | 
Exercise-Induced Changes in Cardiovascular Measurements Before and During Antihypertensive Therapy 
Exercise Total 
Before Stage | Subjective Recovery : Duration 
Exercise (3 min) Maximum 1 Min 3 Min 5 Min (min) 
Control Study (no. — 15) 

HR 85 + 11.3 127 + 13.6 161+ 17.4 125 + 20.9 104 + 11.7 101 = 11.2 
SP 155 X: 12.3 194 + 24.9 218 + 24.4 189 + 25.7 160 + 17.2 150 + 14.9 8.4 + 2.23 
DP 104 + 8.1 108 + 12.5 111 £ 13.2 101 + 11.1 104 + 12.2 103 + 12.3 

RPP 132 + 17.7 246 + 46.3 349 + 40.7 234 + 518 165 + 21.9 151 4- 21.3 

Hydrochlorothiazide (no. — 13) 

HR 88 + 11.5 126 +18.3 158 + 19.3 122 + 15.7 109 + 14.2 103 + 11.4 
SP 134 + 16.2* 184 + 17.9 207 + 33.7 171 + 36.6 150 + 31.9 137 + 22.9 7.5 + 2.40 
DP 93 + 7.6* 103 + 7.8 101 + 10.0 94 + 11.5 96 + 6.7- 96 + 9.8 

RPP 116 + 14.3* 232 + 35.3 328 + 66.4 210 + 58.2 166 + 49.8 142 + 31.6 

Alpha Methyldopa (no. = 14) 

HR 83 + 12.0 124 + 14.5 155 + 18.4 114 = 152 99 + 12.1 97 + 11.6 
SP 130 + 13.4* 173 + 19.8! 200 + 22.5! 165 + 23.21 140 + 12.6* 191 + 9.1* 8.2 + 1.94 
DP 90 + 8.6* 102 + 6.9! 102 + 6.2! 92+ 6.1! 93 + 6.1 8B d 7.3* 

RPP 107 + 19.9* 214 + 36.3? 310 + 46.6! 187 + 29.21 138 + 16.1! 128 + 14.3! 


Each figure represents the mean with respective standard deviation. 
* P «0.001. 


t P «0.01. 
t P «0.05. 


DP = diastolic pressure (mm Hg); HR = heart rate (beats/min); no. = number of patients; RPP = rate-pressure product = heart rate (beat/min) 
X indirect systolic pressure (mm Hg) X 10^ ?; SP = systolic pressure (mm Hg). 
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Discussion 


Antihypertensive therapy and cardiovascular 
responses to dynamic exercise: In this study therapy 
with alpha methyldopa was associated with slower 
buildup, lower ceiling and more rapid recovery of arte- 
rial pressure in response to dynamic exercise (treadmill) 
in contrast to hydrochlorothiazide therapy, which failed 
to do so although both agents were equally effective in 
lowering resting arterial pressure. The degree of rise in 
rate-pressure product (an index of myocardial oxygen 
consumption) was significantly decreased with alpha 
methyldopa during exercise and the recovery phase but 
are not decreased with hydrochlorothiazide. The re- 
duction of rate-pressure product associated with alpha 
methyldopa therapy was primarily due to reduced peak 
systolic pressure rather than to an effect on heart rate. 
The total duration of exercise (an index of work ca- 
pacity) was unchanged with either hydrochlorothiazide 
or alpha methyldopa therapy. 

Previous studies: To our knowledge, there are few 
previous studies of the cardiovascular effects of anti- 
hypertensive therapy during exercise. Bruce et al.9 re- 
ported divergent effects of antihypertensive therapy on 
cardiovascular responses of two groups (“patients” and 
*workers") during upright exercise on treadmill. The 
divergence of cardiovascular responses to exercise was 
ascribed to the difference in the severity of hypertension 
of the two groups. The results of our study are in general 
agreement with those of the “workers” in their study. 
However, they did not include an individual evaluation 
of antihypertensive agents. A brief discussion of the 
studies of Shapiro? and Lamid and Wolff? seems war- 
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FIGURE 1. Effect of antihypertensive therapy on systolic pressure. 
Each bar represents the mean value for each group at each time period 
with the respective standard deviation. p — probability; Postex — 
postexercise. 
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FIGURE 2. Effect of antihypertensive therapy on diastolic pressure. 
Each bar represents the mean value for each group at each time period 
with the respective standard deviation. Abbreviations as in Figure 1. 


ranted, even though the stress or exercise used in their 
studies was different. 

Using psychologic stress and cold pressor tests, 
Shapiro? demonstrated that antihypertensive therapy 
failed to decrease the increment of arterial pressure 
during “noxious stimuli" although the "ceiling" pressure 
was lowered. Lamid and Wolff? found that the percen- 
tile increment of systolic and diastolic pressures during 
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FIGURE 3. Effect of antihypertensive therapy on rate-pressure product 
(RPP) (heart rate X systolic pressure X 10" ?). Each bar represents the 
mean value for each group at each time period with the respective 
standard deviation. 
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the stress of isometric handgrip contraction was not 
affected by therapeutic doses of various antihyperten- 
sive agents. However, they did not report the arterial 
pressure changes in absolute terms in their study. 
Clinical implications: Acute excessive elevation of 
systemic arterial pressure during exercise could be 
detrimental to the compromised heart and blood ves- 
sels, which are major target organs of hypertensive 
complications. Our data indicate that good control of 
resting arterial pressure does not necessarily provide 


adequate protection against arterial pressure response 
during exercise. Alpha methyldopa controlled the ar- 
terial pressure during exercise better than hydrochlo- 
rothiazide. The difference could be ascribed to the dif- 
ferent mode of antihypertensive action of these agents. 
This observation seems to be important for clinical 
management of hypertensive patients. Further studies 
on the effects of other antihypertensive agents that are 
commonly used alone or in combination are war- 
ranted. 
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Twenty-five patients with recent or old myocardial infarction were studied 
because they had life-threatening ventricular arrhythmias that required 
repeated cardioversions and were intractable to medical management. 
All patients had had a large anterior infarction a mean of 4.6 weeks before 
the emergence of the arrhythmias and all had severe left ventricular 
dysfunction. Cardiac catheterization or autopsy revealed a left ventricular 
aneurysm in 18 of 18 patients and obstruction of the left anterior de- 
scending coronary artery in 20 of 20 patients. Of 16 patients treated 
surgically with aneurysm resection or coronary bypass grafting, or both, 
10 (62 percent) were alive after 3 to 39 (mean 26) months of follow-up. 
The perioperative mortality rate was 31 percent and only one patient died 
during the postoperative follow-up period 4 months after discharge from 
the hospital. By contrast, all nine medically treated patients died either 
in the hospital (four patients) or suddenly within 2 months of discharge 
(five patients). Ventricular fibrillation was documented as the cause of 
death in five of these patients. Surgical intervention was found to improve 
significantly the survival of these patients (P <0.02). The perioperative 
mortality rate was lower when at least 4 weeks had elapsed from acute 
infarction to surgery (10 versus 67 percent) and when the procedure in- 
cluded coronary bypass grafting (13 versus 50 percent), although these 
differences were not statistically significant ( P >0.05). 


Ventricular tachycardia and ventricular fibrillation commonly occur 
within the first 24 to 48 hours of acute myocardial infarction, usually as 
isolated incidents that can be readily terminated and that later subside. 
Occasionally, however, these tachyarrhythmias complicate the early or 
later stages, or both, of acute myocardial infarction and assume a re- 
current and intractable form. These life-threatening arrhythmias fail 
to respond to the usual therapeutic measures including antiarrhythmic 
drugs, overdrive pacing and interventions aimed at reducing afterload 
and ongoing ischemia, thereby rendering the patient dependent on re- 
peated direct current cardioversion. The temporal distribution of these 
life-threatening events is usually unpredictable and, although several 
days may elapse between catastrophic periods, their continuing recur- 
rence poses a therapeutic dilemma. Surgical intervention in the form 
of aneurysm resection or coronary bypass, or both, has emerged more 
recently as a practical mode of therapy in these patients.!-?? However, 
it is not universally used and more experience is required to assess the 
balance between the benefits and the high risk of surgery in this setting. 
This retrospective study relates our experience with 25 patients with 
intractable ventricular tachyarrhythmias and was carried out to define 
the features that identify such patients and to assess and compare the 
results of medical and surgical treatment. 
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Twenty-five patients with intractable ventricular tachy- 
arrhythmias after acute myocardial infarction admitted to the 
Toronto General Hospital between January 1973 and March 
1977 were included in this retrospective analysis. Intractable 
ventricular tachyarrhythmia in these patients was arbitrarily 
defined as a requirement for two or more defibrillations daily 
on 3 or more consecutive days of a hospital admission while 
on antiarrhythmic therapy. All arrhythmias were documented 
as either ventricular fibrillation or ventricular tachycardia at 
rates that drastically compromised the patient’s immediate 
circulatory status. 

The diagnosis of ventricular tachycardia was established 
by the following criteria?*: (1) The QRS complexes during the 
tachycardia were 120 msec or greater in duration and totally 
different from the complexes during supraventricular rhythm 
(25 of 25 patients). (2) Atrioventricular (A-V) dissociation or 
ventriculoatrial (V-A) block was present (25 of 25 patients). 
(3) Intermittent fusion beats (15 of 25 patients) or normal 
capture beats (8 of 25 patients) were observed. (4) In 14 pa- 
tients who underwent atrial pacing at rates in excess of the 
tachycardia, the procedure did not produce aberrant rhythm. 
(5) In 10 of 14 patients who underwent intracardiac electro- 
physiologic studies, ventricular tachycardia was inducible with 


TABLE | 


Antiarrhythmic Drugs Used in 25 Patients With Intractable 
Ventricular Arrhythmia 


Dose/ 
Drug 24 hr (g) Route Frequency 
Lidocaine 3-6 Intravenous Continuous 
Procainamide 4-6 Intravenous Continuous 
Propranolol 6-18 mg Intravenous Every 8 hours 
Quinidine 0.8-2.4 Oral Every 6 hours 
sulfate 

Bretylium 0.6-1.8 Intravenous or Every 8 hours 
tosylate intramuscular 

Diphenylhy- 0.4-0.8 Oral Every 6 hours 
dantoin 
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FIGURE 1. Monitor lead recordings in Patient 16, 


2245 who had intractable ventricular tachyarrhythmia 


V | ( on 2 successive days. Repetitive episodes of 
IS Gg ventricular tachycardia and fibrillation occurred 


at irregular intervals at the times (hours and min- 
utes) indicated while the patient was receiving 
procainamide, 5 g/24 hr (3.5 mg/min) by contin- 
uous intravenous drip infusion. His serum levels 
ranged from 9 to 12 mg/liter. All episodes but one 
required direct current cardioversion, one reverted 
spontaneously. 


one to three timed premature ventricular stimuli. In these 
patients a His potential preceded each QRS complex during 
sinus rhythm, but not during tachycardia, as recorded from 
the same catheter position 

Figure 1 illustrates part of the typical course of one of our 
patients. Repetitive episodes of ventricular tachycardia and 
fibrillation are seen on 2 consecutive days despite a high rate 
of intravenous procainamide administration (5 g/24 hr or 3.5 
mg/min). Aside from these clusters, the remainder of these 
2 days were free of tachyarrhythmias. 


Clinical Management 


Medical: All patients with clinical evidence of heart 
failure received digoxin and diuretic drugs. Serum di- 
goxin levels were maintained in the therapeutic range 
of 0.8 to 1.5 ng/ml. Intravenous diuretic drugs were 
administered to keep the pulmonary wedge pressure (as 
monitored through a flow-directed catheter) at 15 to 20 
mm Hg. Oxygenation, acid-base and electrolyte status 
were closely monitored, and appropriate therapy was 
instituted as required. After admission, the electro- 
cardiogram was continuously monitored and direct- 
current countershock was always promptly adminis- 
tered along with standard resuscitative measures. 

Antiarrhythmic drug management consisted of 
successive trials of lidocaine or procainamide, or both, 
followed by propranolol, quinidine sulfate, bretylium 
tosylate and diphenylhydantoin added individually in 
varying combinations. During administration of pro- 
cainamide, serum levels were maintained in the range 
of 5 to 10 mg/liter. Serum propranolol and diphenyl- 
hydantoin levels were not routinely measured. Serum 
quinidine levels were frequently but not consistently 
measured. The aim was to maintain a serum level of 3 
to 6 mg/liter. T'he doses of drugs used were as outlined 
in Table I. The maximal rates of administration were 
as indicated unless adverse hemodynamic effects oc 
curred (decrease in mean blood pressure of more tha 
10 mm Hg, oliguria) or other intolerable side effects (fo 
example central nervous system symptoms). 
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FIGURE 2. Antiarrhythmic drug management and episodes of ventricular tachycardia (VT) or ventricular fibrillation (VF) requiring defibrillation in two 
patients. Patient 2 (W.B.) (top) did not undergo surgery and died suddenly 2 days after discharge from the hospital while receiving procainamide, 
500 mg orally (p.o.), every 3 hours. Serum levels during intravenous (i.v.) procainamide infusion of 4 mg/liter ranged from 9 to 12 mg/liter. Patient 
17 (D.R.) (bottom) underwent aneurysm resection, was discharged from the hospital 2 weeks later without medication and is alive at 31 months 
of follow-up. Serum levels during intravenous procainamide infusion of 3 mg/liter ranged from 8 to 11 mg/liter. i.m. = intramuscular; i.v. = intra- 
venous. 
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Overdrive pacing was instituted from the atria in 10 
and from the ventricles in 6 patients in conjunction with 
the drug therapy. A therapeutic trial was deemed a 
failure if the patient required defibrillation during the 
trial. Failure of all these modalities with continuing 
occurrence of ventricular tachycardia or fibrillation was 
deemed to signal the presence of intractable ventricular 
tachyarrhythmia. Figure 2 illustrates the antiarrhyth- 
mic drug management in two patients, one of whom 
underwent surgery and another who did not. The doses 
and pattern of drug administration are representative 
of those used in every patient and clearly reflect the 
numerous disappointments that characterized each 
mode of attempted treatment 

Surgical: Operative intervention was considered and 
suggested for every patient, a recommendation based 
on the repeated failure of aggressive antiarrhythmic 
drug management in this clinical situation. However, 
only 16 of the 25 patients underwent a surgical proce- 
dure. The nine patients who did not undergo surgery 
were not identifiably different from those who did. In 
these patients surgery was precluded by the choice of 
the patient or the physicians in charge of the case, or 
both, a decision based partly on the high expected op- 
erative mortality rate. 

Cardiac catheterization was performed in 18 patients 
as a preoperative investigative procedure. Left ven- 
tricular cineangiography was performed in the right 
anterior oblique projection using power injections of 
Renografin-76®. Selective coronary arteriography was 
performed using the Judkins technique. The cinean- 


TABLE Il 


giograms and coronary arteriograms were interpreted 
by two cardiologists and a cardiac surgeon in each in- 
stance. Anatomic data in two further patients later 
became available from postmortem examinations. 

Aneurysmectomy was performed alone in 8 of the 16 
patients undergoing surgical procedures and in con- 
junction with coronary bypass grafting in 5. All patients 
with significant and bypassable coronary arterial lesions 
(as judged by the size and runoff of the vessel distal to 
the lesion) underwent bypass procedures. The extent 
of resection at aneurysmectomy was decided intra- 
operatively by the operating surgeon. The border be- 
tween fibrous aneurysmal tissue and the surrounding 
myocardium was delineated visually on the endocardial 
and epicardial surfaces. A rim of fibrous tissue was left 
at the myocardial borders to ensure a solid substrate for 
sutures. When the aneurysm was too large to excise 
completely, as much of it as possible was resected 
without compromising the resulting left ventricular 
cavity size or mitral valve apparatus. One patient un- 
derwent coronary bypass surgery in conjunction with 
a large circular endocardial ventriculotomy but without 
resection of ventricular tissue. Two patients had coro- 
nary bypass surgery alone. All but one of these proce- 
dures were performed with intraaortic balloon pump 
assistance.” 


Results 


Clinical features (Table II): The group of 25 pa- 
tients with intractable ventricular tachyarrhythmia 
included 21 men and 4 women whose ages ranged 


Clinical Data in 25 Patients With Intractable Ventricular Arrhythmia 


Peak Weeks C/T 


Cardiac Catheterization Data 


Case Age (yr) SGOT From MI Ratio LVEDP 
No. & Sex MI (IU) to IVT (96) (mm Hg) 
1 54M Ant 290 1 62 ee 
2 54M Ant 560 1 52 32 
3 68F Ant 275 3 58 bas 
4 65M Ant Mm 4 63 Pus 
5 46M Ant 1800 5 52 22 
6 46M Ant 820 1 65 31 
7 49M Ant ve 16 63 24 
8 57M Ant 240 2 53 24 
9 56M Ant d. 4 59 M" 
10 65M Ant Jas 4 65 19 
11 67M Ant 520 16 54 NEN 
12 38M Ant 620 24 62 31 
13 61M Ant ius 1 59 20 
14 53M Ant 450 1 65 38 
15 42M Ant 178 7 yr 52 22 
16 53M Ant 350 5 64 35 
17 64F Ant 500 6 79 30 
18 58M Ant 132 1 71 17 
19 44F Ant 730 «1 59 29 
20 55M Ant 300 «1 70 b 
21 48M Ant ca 8 57 15 
22 72F Ant 320 1 66 ois 
23 30M Ant 252 1 58 17 
24 47M Ant 240 2 65 34 
25 59M Ant leu <1 59 EL 


* Data obtained at postmortem examination. 
t = Died (disch = after discharge; hosp = in the hospital; oper = perioperatively). 


Ant — anterior; Anx — aneurysmectomy 


Stenosed 
LV EF Coronary Surgical Follow-Up 

Aneurysm (96) Arteries Treatment Time 
an Lu g^ None T hosp 
Apical 29 3 None t disch 
m Mes "| None * hosp 
rg vet E None t disch 
Anteroapical 24 3 Anx, CAB 39 mo 
Anteroapical 32 1 Anx t oper 
Apical 37 2 CAB t disch 
Apical 30 2 Anx, CAB 34 mo 
vr ow 2 None t disch 
Apical 30 3 Venx, CAB 13 mo 
Infrapapillary 31 2 Anx t oper 
Anteroapical 6 3 None t disch 
Anteroapical 23 2 Anx t oper 
Apical 25 2 Anx, CAB t oper 
Anteroapical 46 1 Anx, CAB 34 mo 

Apical 43 2 Anx 8 mo 
Apical = 2 Anx 31 mo 
Anteroapical ; 3 Anx 24 mo 
Anteroapical 17 2 Anx T oper 
Vs ni un None T hosp 
Infrapapillary 27 1 Anx 23 mo 
e UA vn None t disch 
Apical 45 1 Anx, CAB 19 mo 
Ant 19 3 CAB 33 mo 
RUN 1* None t hosp 


; CAB = coronary artery bypass; C/T = cardiothoracic; EF = ejection fraction; IVT = intractable ventricular 


tachyarrhythmias; LV = left ventricular; LVEDP = left ventricular end-diastolic pressure; MI = myocardial infarction; Venx = ventriculotomy. 
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from 30 to 72 years (mean 54 years). Their past medical 
history invariably included a massive anterior myo- 
cardial infarction as judged by electrocardiographic and 
cardiac enzyme changes. The maximal serum glutamic 
oxaloacetic transaminase (SGOT) levels from daily 
serial postinfarction determinations were available in 
18 patients and ranged from 132 to 1,800 international 
units (mean 477, normal equal to or less than 40). 

All patients had either dizziness, lightheadedness, 
syncope or sudden cardiac decompensation. Intractable 
ventricular tachyarrhythmia emerged in a clinically 
recognizable manner 6 days to 24 weeks (mean 4.6) after 
infarction with the exception of three cases in which it 
occurred during the acute phase of infarction in 2 and 
7 years after infarction in another (Fig. 3). In 13 of the 
25 patients, the time from acute myocardial infarction 
to emergence of intractable ventricular tachyarrhyth- 
mia was 2 weeks or less. 

At the time of emergence of intractable ventricular 
tachyarrhythmia, all patients exhibited clinical signs 
of a low output state with poor skin perfusion, low vol- 
ume peripheral pulses and diminished pulse pressure, 
a diffuse and often paradoxical left ventricular precor- 
dial impulse, soft valve closure sounds and atrial and 
ventricular gallops. All patients exhibited clinical signs 
of heart failure (pulmonary congestion or pulmonary 
edema). All patients had cardiomegaly on chest X-ray 
film with a cardiothoracic ratio of 52 to 70 percent 
(mean 61). The electrocardiogram in all patients re- 
vealed extensive precordial loss of R wave voltage with 
Q waves and permanent S-T segment elevations in 
most. 

Hemodynamic and angiographic data (Table II): 
There were no procedural fatalities or complications in 
any of the 18 patients undergoing invasive assessment. 
Left ventricular end-diastolic pressure was elevated in 
all patients, ranging from 15 to 38 mm Hg (mean 26, 
normal 12 or less). A left ventricular aneurysm (seg- 
mental paradoxic wall motion) was demonstrated in all 
patients. The most common aneurysmal segment— 
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apical (or anteroapical)—was observed in 15 patients. 
Of the remaining three patients, two had an infrapap- 
illary and one an anterior aneurysmal segment. Left 
ventricular ejection fraction was measured in 16 pa- 
tients. It was very significantly reduced in all, ranging 
from 6 to 46 percent (mean 29, normal 65 or greater). 

Selective coronary arteriography demonstrated 
significant obstructive lesions (75 percent or more of 
luminal diameter) in the left anterior descending cor- 
onary artery of all patients. Only four patients had 
single vessel disease, eight had two and six had three 
vessel disease. Of two further patients, studied at 
postmortem examination, one had single vessel in- 
volvement, whereas the other had diffuse triple vessel 
disease. 

Medical versus surgical management (Tables III 
and IV): A thorough statistical comparison was per- 
formed between the medically and surgically treated 
patients with respect to the following variables: age, sex 
peak SGOT level after acute myocardial infarction, time 
from myocardial infarction to intractable ventricular 
tachyarrhythmia and cardiothoracic ratio on chest 
X-ray film. No statistical difference between the two 
groups was found with respect to these variables taken 
individually or in combinations using multiple regres- 
sion techniques. The mean age of the medical group was 
higher than that of the surgical group (57.9 versus 51.9 
years) but the difference was not statistically significant. 
Because only two of the nine medically treated patients 
underwent invasive investigations, those indexes that 
could be obtained only invasively could not be statisti- 
cally scrutinized. It was difficult to ascertain the exact 
number of defibrillations one carried out for each pa- 
tient, but there were at least three medically treated and 
eight surgically treated patients who had more than 50 
defibrillations over periods ranging from 3 days to 3 
months. 

Among the 16 patients who underwent cardiovas- 
cular surgical intervention, there were five early deaths, 
four intraoperative and one immediately postoperative 
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TABLE Ill 
Comparison of Clinical Patient Data* in Medical and Surgical Groups! 
Peak Time From 
SGOT MI to IVT 
Group Age (yr) (IU) (wk) 
Medical 57.9 t 3.3 462 + 195 4.4 t 2.5 
(S) (6) (9) 
Surgical 
survivors 50.8 + 3.0 433 + 148 5.0 + 1.41 
(11) (8) (10) 
Nonsurvivors 52.4 4.4 630 + 87 4.0 + 3.0 
(5) (4) (5) 
Total 51.9 £2.5 518 + 132 4.7 i 1.3 
(16) (12) (15) 
Total series 54.0 + 2.02 477 + 90 46+ 1.2 
(25) (18) (24) 


Time From 
MI to C/T Stenosed 
Surgery Ratio LVEDP EF Coronaries 
(wk) (%) (mm Hg) (%) (no.) 
60.8 + 1.8 31.5+0.5 1753115 2520.5 
(9) (2) (2) (4) 
914+19t 61.7426 29.5 4- 2.1 32.7 + 3.2 2.3 1 0.2 
(10) (11) (11) (9) (11) 
6.5+ 4.4 60.4 + 2.1 29.5 + 3.7 25.6.2 °2:7 1.8 X 0.2 
(5) (5) (4) (5) (5) 
8.2 t 1.9 61.3 £ 1.8 25.1::k 1:9 30.0 + 2.4 2.1302 
(15) (16) (15) (14) (16) 
1.113 25.9 t 1.7 28.6 + 2.6 2.2+0.2 
(25) (17) (16) (20) 


* Values are expressed as mean + standard error of the mean. The numbers in parentheses representthe number of patients in whom the respective 


data were available. 


t There were no statistically significant differences between groups (P >0. 1). 
* One patient whose time from myocardial infarction to intractable ventricular tachyarrhythmia was 7 years is not included. 
C/T = cardiothoracic; EF = ejection fraction; IVT = intractable ventricular tachyarrhythmia; LVEDP = left ventricular end-diastolic pressure; 


MI = myocardial infarction. 


(perioperative mortality rate 31 percent). Four of the 
11 survivors had transient postoperative ventricular 
arrhythmias, but these were responsive to standard 
antiarrhythmic drugs. There was no recurrence of in- 
tractable ventricular tachyarrhythmia in any patient, 
and in all instances the arrhythmia-free postoperative 
course was in sharp contrast to the stormy arrhyth- 
mia-ridden preoperative period. Ten of the 11 patients 
who survived operation are alive at present follow-up 
of 8 to 39 months (mean 26). Of these 10, 2 are in New 
York Heart Association?? functional class I, 3 in class 
II and 6 in class III. Two are not taking any drugs, three 
are receiving digoxin and a diuretic agent and five are 
receiving digoxin, a diuretic drug and an antiarrhythmic 
agent (propranolol and quinidine in two, quinidine in 
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one and procainamide in two). One patient who un- 
derwent coronary bypass surgery alone and was re- 
ceiving quinidine sulfate, 400 mg orally every 6 hours, » 
and propranolol, 40 mg orally every 6 hours, died sud- 
denly 4 months after discharge from the hospital. 

All nine patients who had no operative procedure 
either succumbed to an episode of ventricular fibrilla- 
tion in the hospita! (four patients) or died suddenly 
within 2 months of discharge from the hospital (five 
patients). Ventricular fibrillation was documented as 
the cause of the four in-hospital deaths and one of the 
five out of hospital deaths. 

Figure 4 summarizes the survival and death times 
of the groups of medically and surgically treated pa- 
tients. Statistical analysis of these data was performed 


FIGURE 4. Survival and death times from the onset of 
intractable ventricular tachyarrhythmia (IVT) in the 
medical and surgical groups. 
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TABLE IV 

Follow-Up Data* 
Mode of Patients Alive Survival 
Therapy (no.) (no.) (%) 
Medical 9 0 0 
Surgical 16 10 63 
Total 25 10 40 


* Follow-up period 8 to 39 months (mean 26). 


using a previously described method.?'?? The estimated 
mean survival times (from the time intractable ven- 
tricular tachyarrhythmia emerged) of the medical and 
surgical groups were 15.8 and 170 weeks, respectively. 
'The difference between mean survival times within the 
two groups was statistically significant (P «0.02) even 
when the two patients in the medical group who died 
less than 1 week after the start of intractable ventricular 
tachyarrhythmia were excluded from the analysis. 
Thus, surgery appeared to improve significantly the 
survival of patients with intractable ventricular 
tachyarrhythmia. 

Determinants of surgical survivorship (Table 
IIT): Of the 16 patients who underwent cardiac surgery, 
- 11 survived the operation by more than 24 hours. The 
patients who survived were compared with those who 
died with respect to the following variables: age, sex, 
peak SGOT level after acute myocardial infarction, time 
from myocardial infarction to intractable ventricular 
tachyarrhythmia and from myocardial mfarction to 
surgery, cardiothoracic ratio, left ventricular end-dia- 
stolic pressure, ejection fraction, number of stenosed 
coronary arteries (75 percent or greater stenosis) and 
performance of coronary bypass grafting. The same 
tests of significance that were applied to the data com- 
paring medical and surgical patients were utilized. No 
statistically significant difference (at the level of P 
« 0.05) was found between the two groups with respect 
to these variables, but three suggestive trends were 
observed. First, the mean age and mean left ventricular 
end-diastolic pressure were lower whereas the mean 
ejection fraction was higher in the surgical survivors 
than in the nonsürvivors. Second, 4 of the 6 patients who 
underwent surgery less than 4 weeks after myocardial 
infarction died at operation (perioperative mortality 
rate 67 percent) whereas only 1 of the 10 patients who 
went to operation 4 or more weeks after myocardial 
infarction died at operation (perioperative mortality 
rate 10 percent). Finally, of eight patients who under- 
went coronary bypass grafting only one died at opera- 
tion (perioperative mortality rate 13 percent) whereas 
four of the remaining eight patients who did not have 
this procedure died at operation (perioperative mor- 
tality rate 50 percent). None of these differences were 
statistically significant (P >0.05). 


Discussion 


Clinical features of patients with intractable 
ventricular tachycardia: Intractable ventricular 
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TABLE V 


Characteristic Clinical Features of Patients With Intractable 
Ventricular Tachyarrhythmia 


Feature Patients* (no.) 
Anterior transmural MI 25/25 
SGOT »200 IU 16/18 
Severe clinica! LV dysfunction 25/25 
LVEDP >20 mm HG 13/16 
Ejection fraction <40 percent 13/16 
LV aneurysm 18/18 
LAD obstruction 275 percent 20/20 
22 vessel coronary disease 15/20 


* Number of patients exhibiting the clinical feature/total number of 
patients in whom information was available. 

IVT = intractable ventricular tachyarrhythmias; LAD = left anterior 
descending coronary artery; LV = left ventricular; LVEDP = left ven- 
tricular end-diastolic pressure; MI = myocardial infarction; SGOT = 
serum glutamic oxaloacetic transaminase. 


tachyarrhythmia represents an easily recognizable but 
hard to define clinical entity. Our attempt to define it 
arbitrarily in our 25 postinfarction patients in terms of 
numeric and temporal requirements for defibrillation 
reflects this difficulty. In fact, the majority of these 
patients had far more episodes of life-threatening 
ventricular arrhythmias than required by the defini- 
tion. 

We were impressed by the relative homogeneity of 
these patients with respect to many clinical features. 
Table V summarizes the features shared by most of the 
patients. All had previous anterior transmural myo- 
cardial infarction. These infarctions were large as judged 
by changes in the electrocardiogram and a rise in the 
serum enzyme levels at the time of infarction and by the 
extent of their consequences. These included cardio- 
megaly, clinical and angiographic left ventricular dys- 
function of a severe degree and aneurysm formation. In 
addition, all patients had stenosis of the left anterior 
descending coronary artery. These patients clearly 
belong to the highest risk group among postinfarction 
patients.?? Ventricular aneurysm, severe left ventricular 
dysfunction and ventricular arrhythmias are all bur- 
densome to survival although clearly these variables are 
not independent risk factors. 

Mortality: We observed a 100 percent mortality rate 
within 2 months from discharge in the nine patients 
with intractable ventricular tachyarrhythmia who did 
not undergo surgery. In the four patients who died in the 
hospital and in one of the five who died after hospital 
discharge, ventricular fibrillation was documented as 
the cause of death. The other four patients died sud- 
denly after discharge but the cause of death was not 
documented. The extremely high mortality rate in these 
patients certainly reflects a continuing powerful pro- 
clivity to serious ventricular arrhythmias. After a per- 
ioperative mortality rate of 31 percent, all but one of the 
surgically treated patients survived to the time of 
writing, that is, a mean follow-up period of 26 
months. 

Effect of surgery on survival: This study was not 
a randomized trial because patients were not allocated 
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to the medical and surgical groups on the basis of 
chance. Although all patients were considered potential 
candidates for surgery, only 16 of the 25 underwent 
operation. In this type of study, it is difficult to choose 
a comparison group against which the effect of surgery 
on survival can be assessed. In two studies that assessed 
the effect of heart transplantation on survival,?4^?^ the 
comparison group consisted of patients who were can- 
didates for surgery but either had died or were still 
awaiting a donor at the time of the analysis. The survival 
times of the comparison group were measured from the 
time of entry into the study. In agreement with Clark 
et al.,?? we believe that the interval preceding surgery 
should not be included in the survival time of the sur- 
gically treated group. As indicated by Gail,?9 *the pa- 
tients in this group are guaranteed, by definition, to 
have survived at least until a donor was available and 
this grace period has been implicitly added into the 
survival time of the transplanted group." Less well 
known is the fact that comparing survival times of 
medical patients from time of entry into the study with 
survival times of surgical patients measured from time 
of surgery also produces a bias in favor of the surgical 
group. Several authors?'???7 have presented techniques 
that will adjust for this bias. The method used in our 
report and introduced independently by Turnbull et 
al.?^! and Lagakos?? assumes that the survival times 
follow the exponential distribution. The estimated 
mean survival time of the surgical group was signifi- 
cantly longer than that of the medical group (170 versus 
15.8 weeks P «0.02). Although the mean age of the 
medical group was higher than that of the surgical 
group, the medical and surgical groups of patients were 
not statistically significantly different when compared 
with respect to age, sex, peak SGOT after acute myo- 
cardial infarction, time from myocardial infarction to 
intractable ventricular tachyarrhythmia and car- 
diothoracic ratio on chest X-ray film. There was 
therefore no reason to believe that the general condition 
of patients who underwent operation was different from 
that of those who did not. We conclude that operation 
appears to improve significantly survival in patients 
with intractable ventricular tachyarrhythmia. 
Predictors of operative risk: Among the analyzed 
potential predictors of the risk of perioperative mor- 
tality, three suggestive, although not statistically sig- 
nificant (P >0.05), relations were noted. First, the mean 
age and left ventricular end-diastolic pressure were 
lower whereas the mean ejection fraction was higher in 
the survivors. Thus, although these differences were not 
statistically significant, a favorable effect of younger age 
and better left ventricular function might have become 
demonstrable if larger numbers of patients were avail- 
able for comparison. Second, patients who underwent 
operation 4 or more weeks after acute myocardial in- 
farction succumbed less frequently than those who had 
surgery less than 4 weeks after infarction (10 versus 67 
percent). Recently, Ricks et al.?? reported similar ob- 
servations regarding the effect of the time interval from 
myocardial infarction to surgery on the operative 
mortality rate in their series. Finally, patients who had 


coronary bypass grafting had a lower perioperative 
mortality rate than those who did not (13 versus 50 
percent). This latter relation may be due to the fact that 
nonbypassable vessels are generally associated with 
more advanced and severe disease, grafting was always 
undertaken when the coronary anatomy permitted and 
all patients undergoing surgery had significant coronary 
artery disease. 

Role of myocardial infarction and continuous 
ischemia: Only two patients in the surgical group had 
coronary bypass grafting as their only procecure. One 
of these patients died suddenly 4 months after hospital 
discharge, the other is alive after 33 months. Abolition 
of intractable ventricular tachyarrhythmia after coro- 
nary bypass surgery alone has been reported,}®24,26.27 
indicating that ongoing ischemia may play an important 
role in its pathogenesis. However, the role of causes not 
directly related to myocardial ischemia is underscored 
by reports of successful abolition of intractable ven- 
tricular tachyarrhythmia after aneurysm resection in 
patients with no evidence of ischemic heart dis- 
ease 9.13.15,20 

Although experimental models of acute myocardial 
infarction have provided information saliemt to the 
mechanisms of postmyocardial infarction arrhyth- 
mias,??-4? the factors responsible for the electrophysi- 
ologic milieu so profoundly conducive to intractable 
ventricular arrhythmias remains poorly understood. 
The intricate network of Purkinje fibers, which has been 
shown to survive in the infarcted region, *^-49 could 
provide all the ingredients necessary for the generation 
of ventricular arrhythmias,*? but further studies are 
required to outline its role in their genesis. 

Role of aneurysmectomy: Aneurysmectomy with 
or without coronary bypass has been reported to have 
been successful in the treatment of intractable ven- 
tricular tachyarrhythmia in numerous case reports!- 
141823 and a few small series.!^-!7 Because most re- 
ports emphasize the successes of this treatment mo- 
dality, as pointed out by DeSanctis et al.,!? many fail- 
ures must have remained unreported. The operative 
mortality rate is clearly high even with the use of balloon 
pump assistance. Aggressive preoperative use of anti- 
arrhythmic agents with myocardial depressant prop- 
erties may contribute to the high perioperative mor- 
tality rate, which is most often related to catastrophic 
pump failure. Early recognition of intractable ventric- 
ular tachyarrhythmia may permit deliberate avoidance 
of pharmacologic overtreatment during the anticipated 
immediate preoperative period with possible im- 
provement in the operative mortality rate. 

Recently, epicardial mapping has been used in a few 
patients with recurrent ventricular tachycardia in an 
attempt to identify more closely areas crucial to the 
maintenance of the tachycardia.?*^? This approach may 
allow interruption of reentry paths by transmural 
or endocardial incisions or excision of relatively small 
ventricular segments and thus permit surgical treat- 
ment in patients without a localized aneurysm or with 
an aneurysm too large to be excised without severely 
compromising ventricular cavity size. However, its ap- 
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plicability depends closely on a degree of morphologic 
consistency and inducibility of the ventricular tachy- 
cardia that is present only in a minority of patients with 
intractable tachyarrhythmia. 

In our experience, postinfarction intractable ven- 
tricular tachycardia typically occurs in patients with 
marked left ventricular dysfunction after a massive 
anterior infarction with aneurysm formation. Future 
insights to be gained from studies relating to the exact 
electrophysiologic basis of the tachyarrhythmia may 
yield more rational modes of medical and surgical 
therapy. In the interim, aneurysmectomy with or 
without coronary bypass surgery offers a reasonable last 


therapeutic resort. However, the ultimate longevity of 
the survivors will necessarily depend on the overall 
proportion of functionally viable myocardium surviving 
the ravages of infarction. 
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Thirty-four cases of ventricular tachyarrhythmia characterized by poly- 
morphy of the QRS complexes with changing R-R intervals and a heart 
rate of 150 to 300 beats/min, termed polymorphous ventricular tachy- 
cardia, are described. The factors involved in the appearance of this ar- 
rhythmia were the administration of antiarrhythmic drugs (quinidine 22 
patients, procainamide 5 patients, ajmaline 1 patient), antianginal drugs 
(prenylamine [Synadrin| 4 patients) and antidepressant drugs (thioridazine 
1 patient). Twenty-one patients were treated for premature ventricular 
complexes, three for chronic recurrent ventricular tachycardia, six for 
atrial flutter and fibrillation, three for anginal pain and one patient for 
mental depression. All patients except one had a drug-induced prolonged 
corrected Q-T interval before the appearance of polymorphous ventricular 
tachycardia. Most of the patients with this arrhythmia were considered 
to have severe myocardial disease. 

Lidocaine and electric cardioversion were administered to all patients, 
but were effective only in seven patients whose tachycardia occurred in 
short, single episodes. The most effective treatment (17 patients) was 
temporary ventricular pacing at rates ranging from 100 to 140 beats/min. 
Intravenous isoproterenol proved to be successful in another 10 cases. 
It is concluded that patients with severe myocardial involvement receiving 
antiarrhythmic drugs for premature ventricular complexes, especially the 
multiform variety, are at high risk for the development of polymorphous 
ventricular tachycardia. 


Ventricular tachycardia, flutter and fibrillation are well recognized fast 
ventricular rhythms.! In recent years several reports have described 
unusual forms of ventricular tachyarrhythmia using terms such as par- 
oxysmal ventricular fibrillation,? transient recurrent ventricular fi- 
brillation,’ cardiac ballet, ectopic ventricular tachycardia,’ ventricular 
fibrillo-flutter? and atypical ventricular tachycardia.’ ‘““Torsade de 


pointes,” first described by French investigators,?-!? is another form of 


ventricular tachyarrhythmia that was recently reported in English!’ and 
American journals.!4-!® Because the common electrocardiographic 
feature of all these variants of ventricular tachyarrhythmias is the 
polymorphy of the QRS complexes and the heart rate ranges from 150 
to 300 beats/min, we believe that the best descriptive term for this ar- 
rhythmia is polymorphous ventricular tachycardia. We present our ex- 
perience with 34 cases of this arrhythmia, describing its electrocardio- 
graphic characteristics, clinical evolution, response to different modes 
of treatment and possible etiology. 


Patient Population 


Electrocardiographic criteria: Thirty-four cases of polymorphous ven- 
tricular tachycardia, found in a retrospective review of the records of 5,000 pa- 
tients hospitalized in our intensive coronary care unit between 1971 and 1977, 
form the basis of this report. The diagnosis of polymorphous ventricular 
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tachycardia was established on the basis of the following 
electrocardiographic criteria: (1) Ventricular rhythm with 
changing R-R intervals ranging from 200 to 400 msec with a 
frequency of 150 to 300 beats/min. (2) A QRS configuration 
changing almost from beat to beat (Fig. 1). When an undula- 
tory ventricular rhythm with continuous change in direction 
was observed, it was characterized as “torsade de pointes” 
(Fig. 2). The differential diagnosis of ventricular tachycardia 
(extrasystolic and parasystolic), ventricular flutter and fi- 
brillation was established according to Schamroth’s cri- 
teria. ! 

Clinical features: The diagnosis in each patient was based 
on the case history, physical examination, chest roentgeno- 
gram, electrocardiographic findings, serum cardiac enzyme 
levels and, where possible, cardiac catheterization data. Old 
myocardial infarction was diagnosed when the electrocardi- 
ogram showed pathologic Q waves without dynamic ST-T 
changes and the clinical history was appropriate. Acute 
myocardial infarction was diagnosed when new pathologic Q 
waves with dynamic ST-T changes occurred in addition to a 
suggestive history and a typical cardiac enzyme curve. Car- 
diomyopathy was diagnosed on the basis of history, physical 
examination, electrocardiographic findings and catheteriza- 
tion data. 

The following features were analyzed in all the patients: 
(1) chronic cardiac diseases; (2) acute cardiac diseases; (3) 
noncardiac diseases; (4) antiarrhythmic treatment at the time 
of polymorphous ventricular tachycardia; (5) indications for 
the antiarrhythmic treatment; (6) other drugs administered; 
(7) Q-T interval before the appearance of polymorphous 
ventricular tachycardia; and (8) period of time when the epi- 
sodes of polymorphous ventricular tachycardia appeared. 

When the Q-T interval was related to heart rate (Q-Tc in- 
terval) Bazzett's formula!9* (Corrected value = Measured 


interval V Preceding R-R interval) was used. 


Results 


Among the 34 patients studied, 18 were men and 16 
women. Their ages ranged from 32 to 87 years; 14 pa- 
tients (41 percent) were aged 60 to 69 years. 

Incidence of heart disease: Thirty-two patients (94 
percent) had diagnosable organic heart disease. 
Twenty-one patients (61 percent) presented with 
ischemic heart disease, including 18 with old myocardial 
infarction and angina pectoris, 1 with an acute infero- 
lateral wall myocardial infarction and 2 with severe 
angina pectoris without infarction. Six patients were 
considered to have primary cardiomyopathy, one had 
chronic complete atrioventricular, (A-V) block, three 
rheumatic heart disease and one severe calcific aortic 
stenosis. The two remaining patients were considered 
to have no previous cardiac diseases; one presented with 
mental depression, and the other had a brain tumor. 

Indication for antiarrhythmic treatment before 
appearance of polymorphous ventricular tachy- 
cardia: T'wenty-one patients (61 percent) were treated 
with antiarrhythmic drugs for premature ventricular 
complexes; in 19 patients these were chronic unifocal 
or multifocal and in one they appeared during an acute 
myocardial infarction with the *R on T" phenomenon. 
Three patients were treated for chronic recurrent ven- 
tricular tachycardia, three for atrial fibrillation and 
three for atrial flutter. The remaining four patients did 


not receive any drugs with known antiarrhythmic ef- 
fects; three were treated for anginal pain and one for 
depression. 

Drugs administered before appearance of poly- 
morphous ventricular tachycardia: Quinidine was 
the most common drug administered in our series. 
Twenty-two patients (65 percent) received it for treat- 
ment of premature ventricular complexes or chronic 
recurrent ventricular tachycardia or for medical car- 
dioversion of atrial flutter or fibrillation. We found no 
relation between the amount or duration of quinidine 
administered and the appearance of polymorphous 
ventricular tachycardia. All but one patient received the 
drug as chronic treatment (some patients had been 
taking it for severa! years). One patient with complete 
A-V block and premature ventricular complexes ex- 
hibited polymorphonuclear ventricular tachycardia 30 
minutes after receiving the first 200 mg dose of quini- 
dine sulfate. In this patient treatment with quinidine 
was discontinued and the arrhythmia did not recur. 

Polymorphous ventricular tachycardia developed in 
five patients after the administration of intravenous 
procainamide, in one after oral treatment with ajmaline 
and in four patients while they were receiving prenyl- 
amine (Synadrine®). Three of these four patients had 
received prenylamime (180 mg daily, for periods of 6 to 
30 months and first manifested the polymorphous 
ventricular tachycardia 2 weeks after the dosage was 
increased to 240 mg/daily. The patient with acute 
myocardial infarction was receiving lidocaine, 2 mg/min, 
at the time of appearance of the arrhythmia. The pa- 
tient with depression was treated with thioridazine, 300 
mg/daily. In two patients receiving quinidine significant 
hypokalemia due to diuretic therapy was demonstrated 
(serum potassium level 2.1 and 2.6 mEg/liter, respec- 
tively). No attempt was made to readminister the 
quinidine, which apparently caused the arrhythmia. 

Q-T interval immediately preceding polymor- 
phous ventricular tachycardia: Twenty-eight pa- 
tients presented with a Q-T interval greater than 560 
msec, four with an interval of 420 to 560 msec and two 
with an interval of 350 and 420 msec, respectively. When 
the Q-T interval was related to the heart rate, all but one 
patient had a prolonged corrected Q-T interval. In all 
but two patients the Q- T interval shortened after drug 
withdrawal and trestment of polymorphous ventricular 
tachycardia. The two patients with a persistently pro- 
longed Q-T interval were the patients with brain tumor 
and complete A-V block. 'The patient with acute myo- 
cardial infarction had a normal corrected Q- T interval 
before and after polymorphous ventricular tachy- 
cardia. 

Duration of polymorphous ventricular tachy- 
cardia: In the 22 patients treated with quinidine, dif- 
ferent episodes of polymorphous ventricular tachy- 
cardia were observed to last for a period of 2 to 10 hours. 
In the five patients treated with intravenous procain- 
amide, polymorphous ventricular tachycardia lasted for 
30 minutes to 2 hours. In the four patients receiving 
prenylamine, the duration of the tachycardia was 2 to 
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FIGURE 1. Short laada óf Pak tating idobivicidi DN with changing R-R intervals, QRS configuration and electrical axis. 


48 hours. In the two patients with hypokalemia, the 
tachycardia was controlled as soon as the hypokalemia 
was corrected. 

Treatment of polymorphous ventricular tachy- 
cardia: All the patients received lidocaine and direct 
current cardioversion or defibrillation as initial treat- 
ment; only seven of these patients responded to this 
treatment, and all seven had short and single episodes 
of polymorphous ventricular tachycardia. Ten patients 
were treated successfully with intravenous isoproterenol 
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infusion. The most effective method of treatment to 
avoid recurrent episodes of polymorphous ventricular 
tachycardia was fast ventricular pacing; 17 patients (50 
percent) responded to this treatment. Different optimal 
rates (usually 100 to 140 beats/min) were necessary to 
suppress the recurrent episodes of tachycardia. In cer- 
tain patients the reduction of the pacemaker rate by 10 
beats/min allowed the reappearance of the tachycardia. 
In some patients who responded to isoproterenol and 
rapid ventricular pacing, attempts were made to dis- 
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FIGURE 2. A, sinus rhythm with aC EN Q-T interval (580 msec). 


B, ventricular riui dieitéterzed by a changing QRS configuration with a 


heart rate of 200 to 300 beats/min. The change in electrical axis is shown 


with isoproterenol, the Q-T interval shortens to 400 msec. Some premature beats, interpreted as being of atrial origin, were also observed. The 


lead shown in panels B to E is a modified lead Il. 
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continue this treatment earlier with the subsequent 
development of recurrent episodes of polymorphous 
ventricular tachycardia. 


Illustrative Cases 


Two representative cases of polymorphous ventric- 
ular tachycardia illustrating the electrocardiographic 
characteristics of this arrhythmia and its response to 
treatment are presented. 


Case 1: A 68 year old man with a past history of anterior 
wall myocardial infarction was admitted to our Unit because 
of syncope. He was receiving quinidine, 1.2 g daily, for mul- 
tifocal premature ventricular complexes. The electrocardio- 
gram on admission revealed sinus rhythm with a Q-T interval 
of 580 msec (Fig. 2A). Shortly after admission polymorphous 
ventricular tachycardia was observed (Fig. 2, B). A lidocaine 
bolus injection of 100 mg followed by an intravenous infusion 
at 4 mg/min had no effect on the arrhythmia. Several direct 
current shocks of 400 joules were given without success (Fig. 
2. B to D). Although the rhythm converted spontaneously to 
an idioventricular rhythm (Fig. 2D) polymorphous ventricular 
tachycardia recurred. Intravenous isoproterenol infusion was 
then started at 2 ug/min and the arrhythmia was abolished. 
The Q-T interval during the isoproterenol infusion was 
shortened to 400 msec. (Fig. 2E). Any attempt to stop this 
treatment resulted in recurrence of polymorphous ventricular 
tachycardia, and the isoproterenol infusion had to be given 
for 10 hours. Thereafter, the clinical course was uneventful. 
The patient was instructed not to take quinidine, and during 
a 4 year follow-up period there has been no recurrence of 
syncope or polymorphous ventricular tachycardia. 

Case 2: A 78 year old woman with a history of angina pec- 
toris who was being treated with prenylamine, 180 mg daily, 
was admitted to our unit for three episodes of syncope oc- 
curring 12 hours before her hospitalization. On admission 
short episodes of polymorphous ventricular tachycardia were 
observed; treatment with isoproterenol infusion, 2 ug/min, 


abolished the arrhythmia. When the infusion was stopped a 
few minutes later polymorphous ventricular tachycardia of 
long duration (Fig. 3, upper panel) occurred. Treatment with 
isoproterenol was continued for 8 hours and no episodes of 
polymorphous ventricular tachycardia were observed. The 
Q-T interval, which was 570 msec on admission, shortened to 
360 msec with isoproterenol treatment (Fig. 3, lower panel). 
Prenylamine was discontinued and the patient was free of 
episodes of syncope or arrhythmias for a follow-up period of 
1 year. 


Discussion 


Analysis of the various forms of unusual ventricular 
tachyarrhythmias previously reported?-’ and those 
presented in our series led us to conclude that all these 
ventricular tachyarrhythmias can be considered as one 
entity with the following electrocardiographic charac- 
teristics: (1) ventricular rhythm with changing R-R 
intervals (ranging from 200 to 400 msec) with a fre- 
quency of 150 to 300 beats/min; and (2) a QRS config- 
uration changing almost from beat to beat. We therefore 
propose that polymorphous ventricular tachycardia is 
a suitable descriptive term for this heterogenous group 
of ventricular tachyarrhythmias. “Torsade de pointes," 
which is recognized electrocardiographically from the 
continuous change in the direction of the QRS com- 
plexes, simulating a picture of torsion around an 
imaginary isoelectric line,!? can be considered a variant 
of polymorphous ventricular tachycardia, because it also 
conforms with the criteria cited. 

Differential diagnosis: Polymorphous ventricular 
tachycardia should be differentiated from other types 
of ventricular rhythms, and especially from ventricular 
fibrillation, because their cause, clinical evolution, 
treatment, prognosis and electrocardiographic patterns 
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FIGURE 3. Three upper panels, simultaneous recordings of leads V;, V4 and Vg. Polymorphous ventricular tachycardia occurs with the fifth beat 
The Q-T interval is 570 msec before the arrhythmia appeared. Lower panel, during treatment with isoproterenol (Isuprel*) the Q-T interval shorten 


to 360 msec. 
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may differ. Polymorphous ventricular tachycardia is 
characterized by QRS polymorphia (Fig. 1 to 3) and a 
frequency of 150 to 300 beats/min, it is generally self- 
limiting with a poor response to lidocaine or cardio- 
version and a good response to intravenous isoprotere- 
nol and ventricular pacing, and it is related to distur- 
bances in repolarization, mostly drug-induced. By 
contrast, ventricular fibrillation presents with nonre- 
cognizable QRS complexes with frequencies greater 
than 300/min, an unlimited course, a relatively good 
prophylactic and therapeutic effect of lidocaine!” and 
cardioversion, respectively, and lack of prophylactic role 
of cardiac pacing or isoproterenol. 

Clinical causes: Many causes for the occurrence of 
polymorphous ventricular tachycardia have been pos- 
tulated, including slow basic ventricular rate, electrolyte 
disturbances, drugs, myocardial ischemia, myocarditis, 
congenital Q-T prolongation syndromes and cerebro- 
vascular diseases.?:? In our series, all patients except 
two had significant cardiac disease, with ischemic heart 
disease being the most common. Drug administration, 
especially antiarrhythmic drugs, was the main cause for 
the appearance of polymorphous ventricular tachy- 
cardia in our cases. Most of the patients received these 
drugs because of premature ventricular complexes and 
chronic recurrent ventricular tachycardia. An antian- 
ginal drug (prenylamine), a psychotropic drug (thio- 
ridazine) and hypokalemia accounted for the rest of the 
cases. All episodes of polymorphous ventricular 
tachycardia except one were preceded by a prolonged 
corrected Q-T (QTc) interval, drug-induced or due to 
hypokalemia. In all patients except one the Q-T interval 
narrowed after the drugs were stopped or the hypoka- 
lemia corrected, or both. Two patients (one with brain 
tumor and one with complete A-V block) presented 
baseline tracings with a prolonged Q-T interval, with 
a further increase after administration of quinidine. 

Electrophysiologic mechanisms: The electro- 
physiologic mechanisms of polymorphous ventricular 
tachycardia are still unclear, but it seems that reentry 
may be the mechanism responsible for its occurrence. 
It is known that in normal Purkinje and ventricular fi- 
bers, the duration of premature action potentials is 
dependent on cycle length and is determined, at least 
in part, by the duration of the preceding action potential 
and the prematurity of the impulse.!? In the common 
type of ventricular tachycardia it is reasonable to as- 
sume that the sooner the ventricular impulses appear, 
the shorter is the action potential duration allowing the 
next impulse to propagate outside of the refractory 
period. In polymorphous ventricular tachycardia, be- 
cause of the disturbance in repolarization caused by the 
drugs, action potential duration may not shorten ap- 
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propriately. Subsequent impulses may then propagate 
during the refractory period of each previous beat, re- 
quiring the propagation of successive impulses over 
different routes through the myocardium; this may 
explain the changing configuration of the QRS complex 
observed in polymorphous ventricular tachycardia. In 
addition, the prolongation of repolarization causes a 
temporal dispersion of the refractory time, establishing 
conditions conducive to the formation of a reentry cir- 
cuit.!9 

Quinidine is known to increase the action potential 
duration and to decrease conduction velocity and 
membrane responsiveness.” Watanabe?! demonstrated 
that quinidine slows conduction in the myocardium and, 
if this depression of conductive velocity is uniform 
throughout the entire ventricle, fibrillation may not 
occur. But if there are underlying factors which could 
cause local block or a local change in conductivity, then 
quinidine may cause fibrillation. The presence of severe 
myocardial involvement observed in our patients favors 
the appearance of local dispersion of conductivity and 
refractoriness, consequently enhancing the conditions 
necessary to the appearance of serious arrhythmias. A 
pathologic study”? in two patients who had polymor- 
phous ventricular tachycardia disclosed severe damage 
to the conduction system, thus supporting a patho- 
logic-electrophysiologic basis for polymorphous ven- 
tricular tachycardia in our series of patients. 

A possible electrophysiologic explanation for the 
successful treatment of polymorphous ventricular 
tachycardia is the demonstrated ability of a pacing- 
induced increase in heart rate and catecholamines to 
decrease the temporal dispersion of repolarization 
(shortened repolarization), thereby avoiding the es- 
tablishment of conditions necessary for the induction 
of ventricular fibrillation. 19.25 

Clinical implications: From our observations and 
previous reports,?-!^ it is evident that polymorphous 
ventricular tachycardia is not a common arrhythmia, 
but certain conditions favor its appearance. The pa- 
tients at risk are those with severe myocardial disease 
being treated with antiarrhythmic drugs such as quin- 
idine for rhythm disturbances, usually premature 
ventricular complexes. Patients presenting two or more 
foci of premature ventricular complexes are at the 
greatest risk because they may have a more severe and 
diffuse myocardial disease?4-?6 and therefore the con- 
ditions necessary for the induction of polymorphous 
ventricular tachycardia are more readily established 
after quinidine administration. These patients should 
be followed up carefully and hospitalized for monitoring 
and treatment as soon as symptoms such as vertigo, 
blackouts or syncope appear. 
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The fine structure of the normal internodal pathways was studied in 1 
human and 2 canine hearts and correlated with histologic observations 
on more than 100 human and 10 canine hearts. From the electron mi- 
croscopic studies six different kinds of myocardial cells were classified 
from two locations: the Eustachian ridge (posterior internodal pathway) 
and the Bachmann bundle (anterior internodal pathway ). Five of the six 
kinds of cells (working myocardial cells, Purkinje-like cells, either broad 
or slender transitional cells and P cells, all previously described) were 
present in both locations. A sixth cell, pleomorphic and dark in appear- 
ance, with a special intertwined relation to P cells, is newly designated 
as an ameboid cell. It was found solely in the Eustachian ridge. In the same 
area a rare direct contact between a nerve and a myocardial cell was 
observed. The importance of these different kinds of cells, their respective 
cell connections, and their topographic locations inside the internodal 
pathways are discussed relative to certain functions such as rapid con- 
duction and subsidiary pacemaking. The possible influence of these 
factors on clinical electrocardiographic changes is considered. 


In a series of previous reports!“ we have described the ultrastructural 
cytology, the fine structure of intercellular junctions and the histologic 
organization of myocardial cells in various components of the stimu- 
lus-generating and conducting system of the human and canine heart. 
All electron microscopic findings were compared with histologic studies 
conducted with light microscopy from the same areas for topographic 
location and orientation. The resulting anatomic information was then 
correlated with known functional activities of the same areas, namely, 
the sinus node, atrioventricular (A-V) node, His bundle and bundle 
branches.!-* This paper is part of this continuing study and deals espe- 
cially with the electron microscopic and histologic features of two in- 
ternodal pathways: the posterior internodal pathway (studied in the 
region of the Eustachian ridge) and the anterior internodal pathway 
(represented by Bachmann's bundle). 


Material and Methods 


Case material: Tissue for electron microscopy was obtained from two normal 
dogs and one human heart. Tissue from the dogs was excised and placed at once 
in cold phosphate-buffered 6.5 percent glutaraldehyde within less than 2 minutes 
after the hearts were removed during general anesthesia with sodium pento- 
barbital (30 mg/kg intravenously). Tissue from the heart of a 28 year old man 
was excised at necropsy about 3 hours after his death from a gunshot wound of 
the abdomen. The nature of postmortem changes in electron microscopic studies 
of human myocardium has been discussed previously.! Electron microscopic 
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observations were compared with light microscopic studies 
of the same anatomic regions in 10 dog hearts and more than 
100 human hearts. 

Samples for electron microscopy were taken from the Eu- 
stachian ridge and from Bachmann’s bundle, the latter from 
a point where it divides into one branch en route to the left 
atrium and another toward the A-V node (Fig. 1). To confirm 
these gross anatomic identifications, the area from which the 
samples were removed was embedded en bloc and histologic 
sections were prepared for light microscopic examination. 

Electron microscopic and histologic methods: The 
tissues were quickly cut into pieces with maximal dimensions 
of no more than 1 mm. Specimens were immersed in cold 
phosphate-buffered 6.5 percent glutaraldehyde. After 2 hours 
in glutaraldehyde the tissue was transferred to 0.2 molar su- 
crose for several hours and then postfixed in osmium for 2 
additional hours. Dehydration in a graded alcohol series was 
followed by placement in propylene oxide for embedding with 
Araldite®. Embedded blocks were sectioned on a Porter-Blum 
ultratome and examined with a Philips 300 electronmicros- 
cope. Details of these methods have been published.!-* For 
histologic investigations the tissues were fixed with 10 percent 
neutral formalin, embedded in paraffin, and sectioned at 6 to 
8 u intervals. Goldner trichrome stain was used for cell detail 
and simple Van Gieson stain was used to demonstrate the 
distribution and geometry of the collagen framework in the 
region. 


Results 


There is an indisputable heterogeneity of types of 
myocardial cells in the right atrium. We present our 
findings on these cells by describing (1) the topographic 
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location of the pathways that transmit the electrical 
stimulus from the sinus node to the A-V node and to the 
left atrium; (2) their cellular composition and organi- 
zation as assessed from light microscopic studies; (3) the 
fine structure of the different cells encountered in these 
regions; and (4) the many forms of cell junctions be- 
tween similar and dissimilar kinds of myocardial cells. 
In addition, we present fine structural details of a direct 
connection between a nerve and a myocardial cell in the 
Eustachian ridge. 


Connecting Pathways Between the Sinus Node and 
A-V Node and Between the Right and Left Atria 


Anterior internodal pathway: In all the human and 
canine hearts investigated, direct continuity of myo- 
eardium could be demonstrated histologically in three 
regions between the sinus node and A-V node.? In some 
hearts one pathway was better developed than the 
others. The anterior internodal pathway? leaves the 
sinus node in a forward direction and curves about the 
superior vena cava and anterior wall of the right atrium 
into Bachmann's bundle, where it divides into two 
bundles of fibers (Bachmann described only one of these 
divisions because he was concerned only with interatrial 
conduction and made no mention of internodal con- 
duction from this direction). One division continues into 
the left atrium, whereas the other division curves back 
into the anterior portion of the interatrial septum (Fig. 
1). In the septum this latter group of fibers descends 
obliquely behind the root of the aorta (the noncoronary 


FIGURE 1. Photomicrographs il- 
lustrating the histologic organization 
within the internodal pathways of 
two human hearts. A, the anterior 
internodal pathway is seen at the 
top of the section, coursing from the 
right atrium (RA) toward the left 
atrium, and dividing to descend into 
the interatrial septum toward the 
A-V node along the right atrial en- 
docardium (open arrows). At this 
point the anterior internodal path- 
way is coursing posteriorly or 
toward the viewer, while the His 
bundle (AVB) is coursing away from 
the viewer. IVS — interventricular 
septum; LV = left ventricular 
chamber; TV - tricuspid valve. B, 
a sagittal plane section perpendic- 
ular to the frontal plane section 
seen in A (different heart). Fibers of 
the internodal pathways (Doth an- 
terior and middle) are seen de- 
scending within the interatrial sep- 
tum (IAS) toward the A-V node 
(AVN) as indicated by an arrow; a 
second arrow indicates the location 
of the root of the aorta (Ao). These 
and the light micrographs in Figure 
2 were prepared with the Goldner 
trichrome stain. Magnifications in all 
illustrations (light and electron mi- 
crographs) are indicated with ref- 
erence bars. 
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sinus) and through the torus Loweri to enter the supe- 
rior margin of the A-V node. Throughout most of its 
course in the interatrial system, but particularly near 
the A-V node, this pathway merges with myocardial 
fibers from the second (or middle) internodal 
pathway. 

Middle internodal pathway: This pathway, corre- 
sponding to Wenckebach’s bundle,’ leaves the dorsal 
and posterior margins of the sinus node and curves be- 
hind the superior vena cava to course through the sinus 
intercavarum into the dorsal portion of the interatrial 
septum. Fibers in this pathway descend from the sinus 
intercavarum along the right atrial side of the upper 
interatrial septum through the torus Loweri into the 
superior margin of the A-V node. Because the continuity 
of muscle bundles was so variable in the middle inter- 
nodal pathway’s initial course, and because this path- 
way intermingles in the torus Loweri with the anterior 
internodal pathway, no separate electron microscopic 
studies were attempted. 

Posterior internodal pathway: This pathway leaves 
the posterior margin of the sinus node to enter the crista 
terminalis, following it through its entire course to the 
region of the Eustachian ridge. Laterally, extensions 
from these fibers arborize throughout trabeculae over 


FIGURE 2. Two kinds of cells from one human heart. Above, 
there is an abundance of myofibril-poor cells with features 
typical of Purkinje-type cells within the anterior internodal 
pathway (Bachmann's bundle); however, there is variability 
in the myofibril content even among these cells. Below, 
typical working myocardial cells from the interventricular 
septum (IVS) of the same heart are shown at the same 
magnification for comparison. 
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the dorsum of the right atrium. The fanlike distribution 
of myocardial trabeculae from the crista terminalis to 
the body of the right atrium forms an interesting geo- 
metric design consonant with the function of these 
trabeculae in distributing the sinus impulse. Fibers that 
continue from the crista terminalis into the Eustachian 
ridge follow this structure to the A-V node. As they 
enter the septum these fibers cross over the coronary 
sinus and arrive at a point just above the posterior 
margin of the A-V node, turning down rather sharply 
to enter the node or to bypass it.5 


Histologic Composition of the Internodal Pathways 


In all three pathways fibers with Purkinje charac- 
teristics were abundant (Fig. 2), but no pathway was 
composed exclusively of these fibers. The Purkinje fi- 
bers were not continuous, being interrupted by ordinary 
fibers in many sections. Occasionally, a lengthy segment 
of Purkinje fibers was encountered, but these segments 
occurred in different portions of the three pathways in 
different hearts. In the bypass tract descending from the 
Eustachian ridge, down the right atrial endocardium 
and around the A-V node, Purkinje fibers are especially 
numerous.? 
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Fine Structure of the Different Myocardial Cells in the 
Eustachian Ridge and Bachmann Bundle 

At least six different kinds of cells were observed in 
tissues taken from the Eustachian ridge and the Bach- 
mann bundle. Because the precise function of these cells 
remains to be elucidated, purely descriptive names are 
chosen for them. 

(1) Myofibril rich cell (Fig. 3 and 4): The first type 
of cell did not differ from working myocardial cells en- 
countered in other parts of the atria (from dog or man), 
nor was there any notable structural difference between 
the ones seen in the region of the Eustachian ridge of the 
Bachmann bundle. In these elongated cells all the in- 
terior space is filled with longitudinally arrayed myo- 
fibrils, densely packed with myofilaments, usually in 
broad bands. The Z lines are usually in register. One or 
two rows of mitochondria are squeezed in between 





myofibrils. A dense web of cristae characterizes the 
mitochondria of these cells. A few elements of the sar- 
cotubular system can be observed, as can some T tu- 
bules, atrial granules, nuclei, Golgi apparatus and gly- 
cogen granules. The crowded appearance within the 
cells is typical and no empty area of cytoplasm is ob- 
served in them. 

(2) Myofibril-poor cell (Fig. 2 and 5): These cells, 
resembling Purkinje cells,?:*5 were numerous within the 
internodal pathways and were similar in dogs and man. 
In sharp contrast to the first group of cells these have 
only sparse myofibrils with a scanty number of myo- 
filaments oriented in almost all directions. The mito- 
chondria are distributed at random and most of the 
cell's interior is filled with cytoplasm containing many 
sarcotubular profiles (but not T tubules) and numerous 
glycogen granules. These features collectively give a pale 
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FIGURE 3. Electron micrograph of myofibril-rich cells from Bachmann's bundle in a dog. The convoluted junction between two cells cut in cross section 


is indicated with white arrows. Mi = mitochondrion; My = myofibrils. 
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appearance to the myofibril-poor cells, making them 
resemble ones described in the His bundle and bundle 
branches. 

(3) Broad transitional cell (Fig. 4 and 6): These 
cells showed varying degrees of advanced intracellular 
organization, resembling the myofibril rich cells by 
possessing a greater number of myofibrils and myofil- 
aments, but showing spaces filled only with cytoplasm, 
glycogen, sarcotubular elements and mitochondria. The 
cells included in this group may differ one from the 
other, presenting a large spectrum of intermediary 
stages between the two preceding cell types. Because 
these criteria were arbitrary and based on qualitative 
(number of myofibrils, internal organization) rather 
than quantitative observations, it was sometimes dif- 
ficult to select the best cell classification. 

(4) P cells (Fig. 7 and 8): These cells!:29-!° are seen 
in both the Eustachian ridge and the Bachmann bundle. 
Although they generally fulfilled the criteria established 
by us in previous reports,'? P cells in the internodal 
pathways differed somewhat from those in the sinus 
node or A-V node. The P cells encountered in the Eu- 
stachian ridge were more similar to those seen in the 
sinus node: small, round, oval or “figure of 8" cells, with 
very few myofibrils, coursing in different directions. 


Mi = mitochondria; My = myofibrils. 
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Sarcoplasm of these P cells contains a relatively small 
number of mitochondria distributed at random, without 
relation to the myofibrils. A few elements of sarco- 
plasmic reticulum are occasionally seen, as are a small 
number of glycogen granules. The main fine structural 
difference between these cells and those in the sinus 
node is the number of the cristae in the mitochondria: 
In the Eustachian ridge P cells, the cristae are numerous 
and tightly packed compared with the simple internal 
structure so characteristic of the mitochondria of P cells 
in the sinus node. P cells seen in the Bachmann bundle 
have an increased number of myofibrils and a higher 
degree of internal organization. From this point of view 
the P cells of the Bachmann bundle more closely re- 
semble those found in the A-V node.? 

(5) Slender transitional cell (Fig. 9): This fifth 
type of internodal pathway cell resembles a miniature 
version of the broad transitional cells, being both shorter 
and narrower than the latter. Like the broad transitional 
cells, this fifth group also represents a spectrum of in- 
tracellular complexity. The most notable feature of 
these cells is a characteristic slender silhouette and they 
contain no more than a few rows of myofibrils at their 
broadest diameter. These cells are often found in both 
the Eustachian ridge and Bachmann’s bundle, and 
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closely resemble the transitional cells that form char- 
acteristic slender interweaving fibers of both human and 
canine sinus node and A-V node.!^? 

(6) Ameboid cell (Fig. 8 and 10 to 12): The sixth and 
perhaps most intriguing cell is ameboid in appearance 
and outline. We found this cell only with electron mi- 
crographs of the Eustachian ridge and have not suc- 
cessfully identified it with light microscopy. To our best 
knowledge it has not been previously described. Ame- 
boid cells have a number of characteristic and unusual 
features. The ameboid shape may be elongated, trian- 
gular, oval or nongeometric. All ameboid cells had 
pseudopodic prolongations that fill the spaces between 
neighboring cells. They are filled with a heavy concen- 
tration of electron-opaque granules (possibly glycogen), 


SL m MUTRUITERES 


which give these cells a dark appearance. Their nu- 
merous myofibrils assure the propriety of their classi- 
fication as myocardial cells. They also have many mi- 
tochondria; these appear in clusters, most often without 
relation to myofibrils. The mitochondria have a small 
number of cristae arranged in a simple way, and their 
overall size is smaller than that of the mitochondria of 
neighboring cells. Ameboid cells contain multilobular 
nuclei, sometimes of strange form, and variable num- 
bers of vacuoles, vesicles and channels. 


Cell Connections and Multicellular Organization 


With such a multitude of different cells within the 
internodal pathways, a wide variety of intercellular 
connections would be expected. Because the precise 





‘ar M - 
FIGURE 7. A clustered group of P cells from Bachmann's bundle, three of the many being labeled P. These cells have few myofibrils, which are 


randomly oriented; their mitochondria are pleomorphic but generally small and are randomly distributed. The cells are round or ovoid in contour 
and are joined by very simple junctions rather than complex intercalated discs. C — capillary; Nu — nucleus. 
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FIGURE 9. Two slender transitional cells from the Eustachian ridge (asterisks). Between them lies an imtercellular cleft (IC) and the tip or ridge 
of an interposed P cell (P). Characteristically simple junctions between the P celi and both slender transitional cells are marked with open arrows. 


Four of numerous mitochondria are labeled M. Gly = glycogen; My = myofibrils. 
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or interdigitation among multiple P cells. This ameboid cell is shown at higher magnification in Figure 11. Cap = capillary. 
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nature of intercellular junctions is so important relative 
to electrophysiologic properties, we shall describe all the 
forms of cell junctions encountered for each of the six 
types of cells presented. 

Myofibril-rich cells (working myocardial cells): 
Most of these cells are connected to one another or to 
transitional cells end to end through usual intercalated 
discs (Fig. 4). These discs, as described by Simpson et 
al.,;! have a less step-like and zig-zig structure than 
those seen in the ventricles, and appear as more or less 
gently curving lines. The individual elements within the 
intercalated discs are the same as those described by 
us?.10.? and others,!!-!3 although because of the paucity 
of longitudinal step-like sections, there seem to be 
shorter profiles of nexus than in the ventricular inter- 
calated discs. We were surprised to find that myofi- 
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bril-rich cells also had numerous connections along their 
lateral borders. Although these lateral junctions (Fig. 
3 and 6) usually contained desmosomes and fasciae 
adherentes, they sometimes exhibited very long profiles 
of nexus. Myofibril-rich cells connected only with each 
other or with broad transitional cells, and either junc- 
tion was similarly arranged and contained the same 
elements within their intercalated discs. 
Myofibril-poor cells (Purkinje-like cells): Junc- 
tions of these cells to each other or to broad transitional 
cells resembled those just described. Accordingly, these 
junctions (Fig. 2 and 5) differ somewhat from those 
between Purkinje cells in the His bundle? and the left 
bundle branch,* where we have generally observed 
gently curving junctions containing very large profiles 
of nexuses. Although we did not find such large nexuses 
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IGURE 11. More details of the internal structure and the intercellular junctions of the ameboid (A) cell shown in Figure 10. Although the dark granules 


resemble glycogen, and the lacunae may be some form of expanded sarcoplasmic reticulum, the identity of either of these elements is not certain. 
The external surface of one intercellular junction is marked CJ; on the other side of the P cell (P) joined at that point is either another ameboid cell 
or a twisting extension of the same one. Myofibrils within one of several profiles included in this ameboid cell are marked My. Co = collagen. 
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in either the Eustachian ridge or Bachmann’s bundle, 
we may have missed them because of our small sample 
size. However, because similar sampling techniques 
were used for the His bundle and its branches, we expect 
that there are genuinely fewer large nexuses in junctions 
of Purkinje-like cells in the internodal pathways. 
Myofibril-poor cells were connected to each other or to 
transitional cells. 

P cells: As in the sinus node! or A-V node,? P cells of 
the internodal pathways were connected only to other 
P cells or to slender transitional cells, except in the 
Eustachian ridge where they also joined ameboid cells. 
In all of these cases the junction (Fig. 7 to 11) was 
identical and consisted predominantly of undifferen- 
tiated regions (membrane to membrane apposition) 
with a rare desmosome. No nexuses were found in any 
of the junctions of the internodal P cells. Because 
myofibrils were sparse and randomly oriented, there 
were no true fasciae adherentes. 


FIGURE 12. Another ameboid cell 
(A) from a canine Eustachian ridge in 
the typical company of a P cell (P), a 
slender transitional cell (T) and a nerve 
(N). Portions of a Golgi network (Go) are 
indicated adjacent to the ameboid cell's 
nucleus (Nu). Some of the very dark 
granules are labeled DG. 
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Slender transitional cells: These cells were con- 
nected to both P cells and to other slender transitional 
cells and, less often, to broad transitional cells. The 
junctions (Fig. 9, 10, 12 and 13) resembled miniature 
intercalated discs and contained (in diminished number 
and size) the same elements as junctions between broad 
transitional cells. We did not find slender transitional 
cells connected to myofibril rich cells. 

Ameboid cells: These cells were joined only to P cells 
or slender transitional cells with simple membrane to 
membrane apposition (Fig. 8 and 10 to 12). No ameboid 
cells were found connected to broad transitional cells 
or to myofibril-rich or myofibril-poor cells. We found 
no connections between two ameboid cells because they 
did not occur in multicellular clusters. 

Multicellular organization: The organization of the 
different internodal cells into strands or fibers is po- 
tentially important as an influence on physiologic ac- 
tivities and clinical and electrocardiographic implica- 


MT CS 


Asiae 4070 Tha A marinan laurnal af CADNMINI AAV Valima AA anv? 








FINE STRUCTURE OF INTERNODAL PATHWAYS—SHERF AND JAMES 


tions. Myofibril-rich cells were connected only to one 
another or to broad transitional cells (Fig. 4 and 6), al- 
though broad transitional cells also can be connected 
to each other (Fig. 14). This pattern of intercellular 
connections is also seen in ventricular myocardium, and 
strengthens our belief that all working myocardium is 
linked to myofibril-poor (Purkinje type) cells only by 
way of one or more broad transitional cells. This kind 
of organization may help explain how the electric 
stimulus spreads in the atria. 

The organization of P cells and slender transitional 
cells differed in the Bachmann bundle and Eustachian 
ridge. In the Bachmann bundle the P cells were found 
in clusters (Fig. 7) similar to those in the sinus node or 
A-V node. From some of these clusters of P cells we 
could follow the emergence of slender transitional cells. 
In the Eustachian ridge no clusters of P cells were ob- 
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FIGURE 13. The junction between two slender transitional cells from the Eustachian ridge. Desmosomes are mixed with fasciae adherents (FA). Two 


served; only individual P cells were present and they 
appeared to be surrounded by the strange dark ameboid 
cells (Fig. 8 and 10 to 12), which served them as a kind 
of *matrix" within which the P cells were fixed. Occa- 
sionally a free facet of a single P cell in the Eustachian 
ridge could be seen joining a slender transitional cell. 
Cell junctions were often accompanied by micropino- 
cytosis. Nerve elements appear numerous in the vicinity 
of P cells and ameboid cells in the Eustachian ridge. No 
direct contact was found between any of these numerous 
nerves and either a P cell or an ameboid cell. Five of the 
six types of classified cells could readily be identified 
with light microscopy, but one (the ameboid cell) could 
not. This finding leads us to believe either that ameboid 
cells are rare and sparsely distributed, or that their 
appearance is transformed by processes utilized in 
preparing sections for light or electron microscopy. 
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unusuaily long profiles of nexus are marked Nx, with the one to the right being the lower margin of a lateral continuation (open arrow) of the junction 


between these cells. Mi — mitochondria; My — myofibrils; Nu — nucleus. 
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Neuromuscular Junction 


Three elements of the myoneural junction: In one 
instance we found an actual myoneural junction (Fig. 
15 to 17) within the Eustachian ridge. After the initial 
electron micrographs were made, additional sections 
were cut serially from the bloc of this region so that a 
total of 25 ultrathin sections were studied. Because of 
the rarity of such electron microscopic observations, this 
one will be described in detail. The myoneural junction 
had three elements. The first of these was a myofibril- 
rich cell, its plane of section being oblique, although 
more transverse than longitudinal. Its mitochondria 
were of usual dimensions but their internal structure 
showed wide variation (from many to only a few cristae). 
This variation may have been due to different bio- 
chemical stages of one process, or perhaps to the pres- 
ence of two different kinds of mitochondria within 
myocytes connected to a nerve. Many channels, most 
probably of the sarcoplastic reticulum, were also seen 
in this area touching directly to the mitochondria. The 
second element of the myoneural junction included 
connecting tentacles (or pseudopods) extending from 
this myocyte. A grey amorphous matrix was filled with 
a great number of dark granules that varied in size but 
were generally smaller and less clearly defined than the 
glycogen granules seen in the same prints. Tentacular 
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FIGURE 14. Two broad transitional 
cells from the Eustachian ridge are 
joined in this electron micrograph. 
Components of the junction are marked 
with open arrows. Numerous profiles 
of longitudinal elements of the sarco- 
plasmic reticulum (SR) are directly 
adjacent to the junction. Note that the 
myofibrils (My) here and in the broad 
transitional cells illustrated in Figures 
4 and 6 are oriented in parallel array 
with the long axis of the cell, whereas 
myofibrils of Purkinje-like (myofibril- 
poor) cells (Fig. 5) have a more random 
orientation. Mi — mitochondria. 
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extensions of the sarcolemma containing this grey 
substance were observed. Although very few myofibrils 
were seen inside this part of the myocyte, there were 
groups of mitochondria within it. The third myoneural 
element was the contiguous nerve itself, which had been 
cut longitudinally and contained vesicles and dark 
corpuscles. The neural mitochondria were small. In- 
traneuronal vesicles, surrounded by a single membrane, 
contained several small empty to half-filled microves- 
icles. Similar vesicles were present within some myo- 
cytes of the Eustachian ridge. Together with atrial 
granules, these may represent some type of neural ele- 
ment or substance inside atrial myocyte. 

Additional features: Three additional features of 
the myoneural junction deserve comment. First, as 
mentioned, the myocyte is cut at an almost transverse 
level whereas the nerve is longitudinally cut. To contact 
the nerve, the myocyte must protrude an “arm” or 
tentacle into the extracellular space filled with the 
amorphous substance, the nature of which is unknown. 
This “arm” meets the longitudinally coursing nerve 
almost at a right angle. If this kind of connection is the 
rule and not the exception, it may help to explain why 
myoneural connections are so rarely seen in the heart. 
Statistically, the odds are against encountering the exact 
place where the thin and narrów nerve endings actually 
connect, not tangentially but perpendicular to the long 
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FIGURE 15. A rare myoneural junction within the 
heart from the Eustachian ridge. One myofibril-rich 
cell is marked with an asterisk. From this cell an 
elongated tentacle (T), which is filled with a grey 
amorphous material, extends outward to connect 
twice directly with an adjacent nerve (N). The two 
junctions (J-1 and J-2) are shown between the ten- 
tacular extension of the myocyte and adjacent nerve. 
It is uncertain whether these are two nerves or two 
profiles of a single nerve. Normal large mitochondria 
of the myocyte are marked M and may be compared 
with the typically small mitochondria of the nerve. All 
elements of the convoluted junctions appeared to be 
simple membrane to membrane apposition (undif- 
ferentiated regions) with no specializations such as 
nexuses. 


axis of the myocardial cell. A second important aspect 
of this myoneural connection is that it takes the form 
of a twisted cord, rather than of a single point of con- 
nection. The intermingling of nerve and myocyte in- 
creases the area of surface contact, and could thereby 
facilitate the biochemical process of neurotransmitter 
transfer. Finally, the myoneural contact occurs mostly 
through constant distance apposition of sarcolemmas, 
although at some points the border is fuzzy, probably 
because of sectioning artifacts. One distinct desmosome 
was seen (Fig. 17), but no nexus was noted. 


FIGURE 16. The upper area of 
neuromuscular junction (J-1) from 
Figure 15 shown at higher magnifi- 
cation. Glycocalyx (or basement 
membrane) appears to bridge from 
the nerve directly over to the myo- 
cyte, extending through the arrow 
marking J-1. Various components 
of the tentacular extensions of the 
myocyte are labeled Te. Smaller 
examples of similar tentacles are 
marked with small open arrows. 
Two curved arrows point to prob- 
able cross-sectional profiles of 
similar tentacles, not attached to the 
myocyte in this section. A hollow or 
light vesicle is marked LV, although 
it does not appear to be within any 
cell. Some of the mitochondria of 
the myocyte are marked M. Co = 
collagen fibrils; N = nerve. 
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Anatomic, Clinical and Electrophysiologic 
Correlatives 


Myocardial Cells: Structure and Nomenclature 


In the course of studying the underlying anatomy of 
impulse generation and conduction in the heart, we 
encountered a surprising assortment of myocardial cells. 
With the use of electron microscopy, the fine structural 
features can be examined in much more detail than is 
possible with light microscopy alone. However, even 
with a total description of all intracellular components 
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one can have an incomplete and misleading picture 
without knowledge of histologic organization, for which 
light microscopy is essential. By combining these two 
levels of microscopic study with classic gross anatomic 
dissection, we began to understand both fine structural 
details of cells and how these cells are organized and 
distributed within the heart. As the need arose. we de- 
fined and relabeled certain myocardial cells. This re- 
labeling was necessary for two reasons: (1) Some of the 
cells had not been previously described, and (2) new 
features of known cells required clarification. Among 
the newly labeled cells are P cells, slender transitional 
cells and broad transitional cells.!-49.19 Reasons for 
choosing the suggested names are presented, but the 
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essential criterion for any name was suitable anatomic 
description. 

In dealing with the ultrastructural appearance of the 
internodal pathways we found all the previously en- 
countered cells and do not intend to discuss them again 
in terms of nomenclature. Instead, we shall concentrate 
on two special celis: the ameboid cell, because it is a new 
observation, and the “Purkinje cell," which is not new 
but has often led to confusion. 

Structure and function of the ameboid cell: The 
ameboid cell appears pleomorphic and dark in electron 
micrographs. Our efforts to find it with light microscopy 
have been unsatisfactory. Its relation to other cells in 
its vicinity, surrounding the round or oval P cells with 
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FIGURE 17. Electron micrograph from a section closely adjacent to the sections in F igures 15 and 16, illustrating different features. Some specialization 
is visible along the neuromuscular junction, resembling a desmosome (De). Two different vesicles are distinct within the nerve here, one being 
light (LV) or hollow and the other dark (DV) or dense. Some myofilaments are seen within one of the tentecular extensions (Te) of the myocyte and 
are marked My. Although the upper margin of the neuromuscular junction (J- 1) is marked, the junction extends all along the proximity of the nerve 


with the tentacular extensions of the myocyte. Various profiles of sarco 


of its tentacular extensions. M — mitochondria. 


plasmic reticulum are seen in the main body of the myocyte and in portions 
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its dark pseudopodal arms, was the basis for its sug- 
gested name. In considering the appearance and pos- 
sible functional activity of ameboid cells, we first had 
to be assured that they were not some kind of artifact. 
Because the different elements inside the cell are so 
clearly defined and repeat themselves every time such 
cells are found, we doubt that they are artifactual. An 
alternative possibility is that they may be regular 
myocardial cells involved in a process of degeneration, 
aging or even death; they did contain some distorted 
mitochondria, sometimes an unusual outline of the 
nucleus with many vacuoles, and a general shape 
suggesting shrinkage. However, the prune-like shape 
was not observed in isolated cells. Rather, it was a con- 
sequence of intricate interdigitation between neigh- 
boring cells, especially P cells. We have never seen such 
behavior or appearance in other myocardial cells, even 
in the sinus node or A-V node, where P cells are nor- 
mally most numerous. Although the mitochondria of 
ameboid cells are sometimes unusual, normal-appearing 
mitochondria are found in other cells in the same mi- 
crographs, making a technical artifact (for example of 
fixation) an improbable explanation. Furthermore, 
mitochondria of ameboid cells consistently appeared 
to be both small and simple, whereas dying or degen- 
erating mitochondria are usually swollen and enlarged 
in size. Within the ameboid cells a characteristic feature 
was the dense accumulation of dark granules, whose 
composition and role are unknown at present, although 
they may be glycogen granules. However, one would 
expect glycogen granules to be scarce or absent as they 
are in most forms of myocardial cellular degenera- 
tion. 

For these several reasons we have concluded that the 
ameboid cells are not an artifact but are active and vital, 
performing some possibly important but as yet un- 
known function. An attractive hypothesis would at- 
tribute an integral role in some multicellular ectopic 
pacemaker. For example, ameboid cells could serve as 
a special frame or matrix for the few adjacent P cells. 
Other possible functions could account for their rich 
accumulations of dark granules resembling glycogen and 
their small simple mitochondria; that is, they might 
serve as a kind of storehouse for energy-rich substrates 
ready to be delivered to the neighbor cells. Concerning 
this latter possibility, we noted that in the sinus node 
the mitochondria of the P cells had a very simple and 
empty appearance, whereas in the Eustachian ridge the 
mitochondria of local P cells had an ordinary appear- 
ance; it is the adjacent ameboid cells that had small 
simple mitochondria. Still another functional possibility 
is that by their proximity to nerve elements, the ame- 
boid cells serve as some sort of special connection be- 
tween nerves and P cells, an especially important ad- 
vantage for ectopic automatic centers. If this were to 
prove to be their true role, then the dark granules may 
be some form of neurotransmitter substance rather than 
glycogen granules. Numerous nerves were near all the 
ameboid-P cell complexes found in the Eustachian 
ridge, although the only direct neuromuscular junction 
that we found was to a myofibril-rich cell. 
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Structure and function of the Purkinje cell: In 
contrast to the newly discovered ameboid cell, the 
“Purkinje cell” is one of the oldest described myocardial 
cells. Despite that ancient claim, we have chosen to 
designate the Purkinje-like cells of the internodal 
pathways with descriptive terms such as myofibril-poor 
cells. We believe that this simple descriptive name helps 
prevent the confusion so often associated with func- 
tional implications for the term “Purkinje cell." How- 
ever, we concede that this different labeling is still only 
a matter of expedience or convenience, and that some 
consensus is needed for a more suitable and specific 
name for these cells. 

Controversy about the Purkinje cell began almost 
with its original description by Purkinje in the ventricle 
of sheep hearts. Soon similar cells were described and 
debate began about whether these were truly the same 
kind of cell. As early as 1906 Tawara!4 warned: 


In fact the Purkinje fibers are the ventricular extension 
of the conduction system. However, the histologic appear- 
ance of these extensions shows a wide variation in various 
groups of animals. It is, for example, in man very different 
from the picture in sheep which were used by Purkinje. It 
would therefore be preferable not to extend the use of the 
term Purkinje fibers without further qualification, be- 
cause the term is valid only when used in connection with 
the heart of ungulates. 


The term “Purkinje fibers" was used in relation to 
the atria for the first time by Thorel! in 1909 when he 
described what he believed to be a pathway connecting 
to the sinus node with the A-V node, a pathway that he 
said was composed of specific (as contrasted to ordi- 
nary) fibers. Thorel’s report was fiercely challenged by 
Aschoff!$ and Monckeberg,!? among others. Not only 
was his concept of specific atrial conduction pathways 
attacked, but also the mere existence of “Purkinje fi- 
bers" in the atria was decried. Tandler!? suggested that 
they were a “fixation artefact,” and Monckeberg!" made 
the point that Purkinje-like characteristics may result 
from the uptake of water by a “normal” cell. Little more 
was heard about internodal pathways for the next 50 
years. In 1963 James? restored interest in the question 
when he described *Purkinje-like cells" in three inter- 
nodal pathways of the human heart. Viragh and Porte!? 
later termed virtually identical cells “intercalated clear 
cells." These differing views brought Robb?? in 1965 to 
conclude that the use of the term Purkinje cell led only 
to confusion, because various authors set up various 
criteria for definition. 

'The confusion and differences of opinion increased 
when a new tool, the electron microscope, was intro- 
duced. In sharp contrast to other investigators, Sommer 
and Johnson?! stated in 1968 that “Purkinje strands” 
taken from the false tendon in a few species were dis- 
tinguished from ordinary working myocardial cells only 
by the absence of transverse tubules and a slender form 
of mitochondria. Kawamura and James!” disagreed with 
that restrictive classification, as did others.?:*?? Adding 
to the confusion, Sommer and Johnson?! chose to use 
the term *P fiber" for what they believed to be true 
Purkinje fibers, not long after our earlier introduction 
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of the new term “P cells,” a seemingly unnecessary in- 
vitation to puzzlement by readers. Recently, Viragh and 
Challice?? added still further definitions and nomen- 
clatures by describing no less than three kinds of Pur- 
kinje cells: types I, II and III. 

Faced with these multiple definitions for Purkinje 
cells, fibers and strands, and their different meanings 
for different authors and scientists, we suggest that 
simple descriptive names be used at present. In electron 
microscopic studies of cells of the impulse generation 
and conduction system, it would help if there were some 
temporary abeyance in use of the term “Purkinje cell." 
We suggest the myofibril-poor cell is one suitable term, 
taking advantage of a characteristic feature of most 
examples of this kind of cell. This general descriptive 
term may need additional specifications, such as long 
curving junctions composed mostly of gap junctions (as 
seen in the His bundle and bundle branches), or more 
"flat"-appearing intercalated discs possessing a reduced 
number of nexuses (as described in the atria). 

Myoneural junctions: For many years we sought 
direct myoneural junctions in different portions of the 
heart, and had no success until the present study (Fig. 
15 to 17). Others??? have reported electron microscopic 
evidence of cardiac myoneural junctions with varying 
degrees of direct contiguity. It is disappointing that our 
example is not a junction between nerve and P cell or 
ameboid cell, but a junction with what appears to be an 
ordinary working (myofibril-rich) myocyte. However, 
the importance of the observation resides in the geo- 
metric arrangement of the nerve and myocyte with their 
long axes being almost perpendicular and contacts from 
the myocyte occurring by way of thin tentacular ex- 
tensions. It is not difficult to visualize how this type of 
geometry would severely limit one's chance of obtaining 
any suitable section by fortuitously cutting in the nec- 
essary plane to demonstrate direct contact. Although 
cuts of one tentacle touching a nerve would by simple 
chance be encountered more often, it would be difficult 
to identify the tentacle as part of a myocyte unless the 
tentacle's thin stalk-like attachment to the parent 
myocyte were demonstrated. Thus our finding of this 
particular myoneural junction may be significant pri- 
marily because it reveals that these junctions are seldom 
seen not because they are rare but because they are 
difficult to locate. 


Electric Conduction in Internodal and Interatrial 
Pathways 

If definition of a Purkinje cell has been controversial, 
there has been even greater debate as to how the electric 
stimulus generated in the sinus node reaches the A-V 
node in order to continue its descent into the ventricles. 
During 7 decades of discussions, many theories have 
been introduced only to be dismissed, many tools of 
investigation have been supplanted by more sophisti- 
cated instruments and many facts have been described 
but variously interpreted. It is not our purpose in this 
report to cite all the details of the controversy, but we 
shall present the principal schools of thought and dis- 
cuss some recent developments. 


Concepts of internodal and interatrial conduc- 
tion: Three main concepts can be summarized as fol- 
lows: First is that of radial spread of the electric impulse 
from the sinus node to the A-V node. The original strong 
proponents of this concept were Sir Thomas Lewis and 
his colleagues,?9?* who expressed the concept lyrically: 
“The excitation wave in the auricle may be likened to 
the spread of fluid poured upon a flat surface, its edges 
advancing as an ever widening circle, until the whole 
surface is covered." Second is the preferential spread 
theory. The proponents of this model, expostulated 
especially by Janse and Anderson,?? Wellens?9? and 
Spach et al.,°° concede that enough evidence has been 
compiled to cause us to disregard the radial spread 
concept. They believe that there are pathways that 
preferentially conduct the electric stimulus faster from 
the sinus node to the A-V node, but over rather broad 
routes of activation within the atrium. They suggest that 
these pathways of conduction are purely a consequence 
of the geometric arrangement of the atrial myocardium, 
and they deny that the pathways possess any specific 
cell properties. Third is the concept of preferential 
specific (or specialized) atrial spread. This is the concept 
to which we, and some others,*!-3 subscribe. We agree 
with those holding the second concept that there is 
preferential and faster electric conduction along the 
internodal and interatrial pathways, but we disagree as 
to how this phenomenon is accomplished. Although 
proponents of the second concept consider the fast 
conduction the result of a simple, geometric arrange- 
ment of ordinary atrial fibers, we are persuaded that it 
is the result of the net properties of a special atrial 
conduction system that transmits the electric stimulus 
not only preferentially, but also specifically more rap- 
idly than the surrounding atrial working myocar- 
dium. 

Proponents of these differing conduction concepts 
share a common physiologic view that the sinus impulse 
arrives relatively quickly at the A-V node after coursing 
over an internodal pathway. The main differences be- 
tween those holding the second and third concepts 
stems from a different approach bv the two schools of 
thinking. Proponents of the second concept believe that 
to be termed a tract a structure must have an exclusive 
composition of specific cells (Purkinje cells) and also 
must be surrounded by a fibrous sheet or shield sepa- 
rating it from the rest of the simple working myocardial 
tissue. These are, in fact, the criteria used by Monck- 
eberg and Aschoff and put forward by the Erlanger 
meeting in 1910.*4 They are directly based on the model 
of the A-V conduction system (the His bundle and its 
branches) known at that time. Those holding to the 
second concept have demanded that the Monckeberg- 
Aschoff criteria be met before they will accept any 
pathway as "specialized" anywhere in the heart.22 

Functional importance of the right atrium: im- 
plications of its six different myocardial cells: We 
and others holding to the third concept place more 
emphasis on the functional characteristics of a pathway, 
but add the dimension of new knowledge from electron 
microscopic research. We believe that the different 
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chambers of the heart have different physiologic tasks 
to fulfill in order to orchestrate the smooth and normal 
function of the heart as a whole. The general functional 
purposes of the ventricular chambers are obviously 
completely different from those of the atria. Further- 
more, the right atrium, where most of the essential 
electric stimuli originate and are then delivered to the 
rest of the heart, is very different functionally from the 
left atrium. We believe that every one of these func- 
tional specializations is best equipped by nature for its 
specific purpose and, therefore, that no part of a 
structural composition can be “transplanted in toto” 
from one part of the heart to another, either concep- 
tually or anatomically. 

In addition to containing the main pacemaker of the 
heart (the sinus node) and its most important deputy 
in this activity (the A-V node), the right atrium has 
three important tasks. It must contract in a manner that 
helps fill the right ventricle after the opening of the 
tricuspid valve. It must provide the left atrium with the 
electric stimulus from the sinus node and it must deliver 
it with sufficient speed so that both atria can depolarize 
and contract almost simultaneously. Finally, the electric 
stimulus originating in the sinus node should arrive at 
the A-V node with precise timing, so that within a 
fraction of a second it will be caused to slow down in 
such a correlated and uniform way that it will permit the 
hemodynamically important normal pause between 
atrial and ventricular contraction. 

With so many functional tasks to fulfill it can hardly 
be surprising that the right atrium should contain so 
many myocardial cells with morphologically and elec- 
trophysiologically different features. Six different cells 
were found in our own studies of two of the internodal 
and interatrial pathways. Although there is little in the 
way of direct correlation between structure and electric 
behavior of these cells, enough indirect evidence is 
available to permit discussion of what the main activity 
of some of the cells could be. From their prevalence in 
the His bundle and its branches, we can surmise that 
myofibril-poor cells are responsible for rapid conduc- 
tion. The interposition of such cells in the internodal 
pathways should facilitate the speed of conduction 
there. This may be counteracted in another place by the 
interposition of very slow conducting P cells (most likely 
responsible for conduction delay in the A-V node), 
which could serve as a braking mechanism unless the 
impulse circumvented these sites. Between these two 
extremes of conducting velocities, transitional cells may 
be the medium-speed conductors. There may be ad- 
vantages in this diversity of cells, particularly in view 
of the special functions of the right atrium in both 
generating and initially distributing the normal sinus 
rhythm. 

Further evidence for specialized internodal and 
interatrial pathways: Two recent papers add new 
evidence supporting the concept of a specific atrial 
conducting network. Ysa et al.?? found special small 
myocardial cells accompanied by nerves within the in- 
ternodal pathways. Truex?6 described special acetyl- 
choline-esterase activity along the same pathways, an 
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activity not demonstrated in the plain atrial myocar- 
dium but potentially playing a role in conduction. Our 
finding of a direct myoneural junction within the pos- 
terior internodal pathway further suggests the possible 
importance of nerves accompanying the structures of 
the internodal pathways and their potential influence 
on conduction. 

We do not know exactly how all of the cell to cell 
continuity in the internodal and interatrial pathways 
is constructed, nor do we know which kinds of cells 
participate most effectively in the electric conduction 
process or the precise sequence of their organization 
inside the cell strands. We do not understand exactly 
the second to second homeostatic changes in the auto- 
nomic equilibrium, acting on these cells to slow or in- 
crease conductivity, or the effect of other influences 
such as electrolytes, metabolites and other biochemical 
factors. But from all the investigators and their con- 
clusions in the last three decades we are persuaded that 
there does exist a specialized cellular conduit inside the 
internodal and interatrial pathways, along which the 
electric current flows more rapidly than elsewhere in the 
atrium. This is more accurately thought of as a net result 
of multiple cell properties rather than as the single at- 
tribute of one kind of cell. Such a general property (more 
rapid conduction) need not require special shielding or 
isolation, any more than the Gulf Stream requires spe- 
cial pipes to function in the Atlantic Ocean. 


Ectopic Pacemaker Centers in the Right Atrium 


Clinicians and investigators generally agree that there 
are latent pacemaker centers in the atria in general and 
in the right atrium in particular. These are in addition 
to the known primary and subsidiary pacemaking nor- 
mally present in the sinus node and A-V node, respec- 
tively. The cardiologist's evidence consists of the clinical 
occurrence of atrial premature complexes, paroxysmal 
atrial tachycardia, atrial parasystoles and in some cases 
atrial escape beats or rhythms. Electrophysiologists 
have found specific transmembrane patterns (“plateau 
fibers") resembling in their contour those of Purkinje 
cells, but also having phase 4 (diastolic) intrinsic de- 
polarization, considered to be characteristic of latent 
(potential) independent automaticity.?^?5 Anatomists 
have found a variety of atrial cells morphologically 
similar to P cells thought to be responsible for normal 
automaticity.!? 

Although there is a consensus on the existence of 
ectopic pacemaker centers in the atria, some questions 
to the findings in our present study remain to be clari- 
fied. Where are these potentially ectopic pacemaker 
centers topographically located? And which (or what) 
are the structural and ultrastructural features of cells 
in these ectopic foci that make them able spontaneously 
to bring the electric resting potential to the threshold 
of depolarization? What is the transmembrane potential 
pattern of these cells, and is there more than one single 
contour? What is the hierarchy of the different secon- 
dary pacemaking centers in the heart, and how stable 
are they under stress? We shall analyze these topics ad 
seriatim. 
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Location of pacemaker centers: Based on phylo- 
genetic, physiologic, anatomic and clinical (electrocar- 
diographic) evidence, we postulated in a previous 
paper?? that cells possessing automatic properties are 
located in the internodal and interatrial pathways. 
Subsequently, Geesbreght and Randall? and Goldberg 
et al.*! studied the effects of the sympathetic nervous 
system on these potential atrial pacemaking sites. Ac- 
tivation of appropriate sympathetic nerves shifted the 
site of the pacemaker to inferior regions of the right 
atrium or the A-V junction. In several instances their 
ectopic pacemaker shifted into the lower portion of the 
crista terminalis which they assumed contains the 
posterior internodal pathway. A different perspective 
on the location of subsidiary atrial pacemaker can be 
obtained when the activity of the sinus node is phar- 
macologically eliminated by selective perfusion of the 
sinus nodal artery. When activity of the sinus node is 
selectively suppressed in this fashion, an A-V junctional 
rhythm promptly emerges at a rate that is consistently 
about 66 percent of the control sinus rate.42 Destruction 
or exclusion of the sinus node may also result in an atrial 
rhythm said to originate from the coronary sinus re- 
gion**; others*^4^ claim to have found left atrial as well 
as right atrial ectopic foci in the absence of sinus 
rhythm. 

Location of the ectopic centers in the right atrium 
was recently elucidated in two reports.49.47 One46 pre- 
sented evidence for the existence of subsidiary atrial 
pacemakers outside the area of the coronary sinus and 
junctional region after prolonged absence of sinus nodal 
activity; the escaping pacemaker was located at the 
junction of the inferior vena cava and right atrium 
within the Eustachian ridge in 80 percent of the animals 
mapped. After isoproterenol infusion, the pacemaker 
shifted to the region of the Bachmann bundle in 70 
percent of the animals. In chronically studied dogs this 
same group of investigators? found that these new 
pacemakers were phasically irregular in a fashion sim- 
ilar to sinus arrhythmia, and this irregularity could be 
abolished with atropine. During exercise, this same 
ectopic rhythm would accelerate and the acceleration 
could be prevented with adrenergic beta receptor 
blockade. It seems evident from these experiments that 
the subsidiary atrial pacemaking regions are located 
within the internodal and interatrial pathways, that 
they are capable of initiating a rhythm and driving the 
heart, and that their behavior strongly suggests that 
they are amply supplied with autonomic fibers and are 
functionally under their control. The neural influence 
fits well with the morphologic findings of Ysa et al.?5 
concerning nerves along the internodal pathway, and 
the specific enzymatic activity found by Truex? in the 
same locations. 

Morphology of the cells in the internodal path- 
ways responsible for the ectopic activity in these 
regions: Randall et al.*6 speculated that P cells (pre- 
viously described by us) “... may be scattered 
throughout the atrial myocardium or be located in 
smaller grapelike clusters at certain locations... their 
occurrence along the sulcus (or crista) terminalis and 
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Bachmann bundle . . . would account for the tendency 
for negativity to appear in these regions following 
excision of the SA node.” Their suggestion is supported 
by our present findings. In fact, the P cells we found in 
both the Eustachian ridge and Bachmann bundle fit 
precisely with their prediction. Although we also found 
myofibril-poor cells resembling “Purkinje cells” in the 
same regions, wef? previously presented evidence 
showing why we doubt that such cells would normally 
behave as pacemaking centers. 

Certain differences were noted between the internal 
structure of P cells of the sinus or A-V node and P cells 
of Bachmann’s bundle or the Eustachian ridge. Two 
multicellular or histologic characteristics of P cells 
within the internodal pathways merit special attention 
concerning their possible function as ectopic pace- 
making centers. The first of these is difference in as- 
sembly of multiple P cells. The P cells in Bachmann’s 
bundle occurred in multicellular grape-like clusters very 
similar to the P cells of the sinus or A-V node: in fact, 
the cells in our Figure 7 bear a remarkable resemblance 
to those in Figure 5 (from the A-V node) in our previous 
report.” By contrast, P cells of the Eustachian ridge did 
not occur in grape-like clusters. The second histologic 
characteristic concerns the usual organization of P cells 
in Kustachian ridge into special units that also included 
ameboid cells and numerous nearby nerves. We are 
uncertain of the functional significance of these dif- 
ferences, but we suspect that any possible pacemaking 
activity must also differ between Bachmann’s bundle 
and the Eustachian ridge. 

The transmembrane action potentials of cells in 
the internodal pathways: To our knowledge no one 
has yet demonstrated action potentials resembling sinus 
nodal cells in the internodal pathways. However, the 
contour of transmembrane potentials from certain cells 
in the right atrium, especially the posterior internodal 
pathway, have been called “plateau fiber" poten- 
tials.?^?5 Such potentials always show diastolic depo- 
larization, which most investigators consider evidence 
for latent automaticity. 

One might deduce that internodal pathway cells with 
plateau fiber potentials are the ectopic pacemakers, but 
there are several reasons to doubt this hypothesis. These 
potentials appeared only when the atrium was driven, 
generally by artificial electric stimuli. To state that 
under catecholamine influence they may “‘fire”’ is not 
equivalent to expecting them to do so spontaneously. 
We suspect from our anatomic findings that “plateau 
fiber” potentials were recorded from myofibril-poor 
cells of the internodal pathways rather than from the 
P cells. 

We also found a multitude of transitional (broad and 
slender) cells. Whether the transmembrane action po- 
tential of our anatomically defined transitional cells 
corresponds to that of the “transitional cells” defined 
physiologically by Strauss and Bigger^? or by Alanis et 
al.49 is uncertain. We expect that ectopic centers in the 
right atrium populated by “P cells” similar to those seen 
in the sinus node will eventually be found to have action 
potentials similar to those of the sinus node. 
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The hierarchy of escaping pacemaker activity in 
the atria: The classic concept is that the A-V junction 
is the fastest secondary pacemaker in the mammalian 
heart, taking command in the absence of suppression 
of the sinus node. Indeed, when the canine sinus node 
is selectively perfused through its artery and pharma- 
cologically suppressed with physostigmine, it is an A-V 
junctional pacemaker that always escapes, and at a rate 
bearing a consistent mathematic relation (66 percent) 
to the control rate of the sinus node.*? Furthermore, if 
the A-V node and His bundle are similarly selectively 
perfused through the A-V nodal artery, there is pro- 
gressive development of complete heart block, after 
which a second type of A-V junctional rhythm emerges, 
at a rate consistently about 22 percent or two ninths of 
the control sinus rate.?? In those experiments no other 
form of escape rhythm was ever observed. Jones et al.4? 
utilized other experimental methods with slightly dif- 
ferent results. In their canine experiments the hierarchy 
of automaticity in the absence of the sinus node (which 
they excised surgically) is more complex. They suggest 
that selective perfusions through the sinus nodal artery 
may also reach some potential ectopic centers in the 
posterior internodal pathway of the dog and suppress 
them together with the sinus node.*9 Further study of 
this important subject is indicated. 


Clinical Electrocardiography Interpreted on the Basis 
of a Distinct Atrial Conduction System 


Many studies dealing with clinical electrocardio- 
graphic interpretations based on disorders arising in an 
atrial conduction system??514 have appeared in the 
past few years. Experimental observations?'?? in human 
beings and in animals have supported such interpreta- 
tions. The cardiac surgeons who observed a series of 
arrhythmias when one or more of the internodal path- 
ways were interrupted??-»5 were among the first to be 
impressed by the functional importance of the atrial 
conduction system. Other reports have dealt with si- 
noventricular conduction,?9-9? a state in which the sinus 
stimulus is transmitted directly to the ventricles without 
the participation of the plain atrial myocardium. Si- 
noventricular conduction is characterized by the ab- 
sence of P waves in the electrocardiogram and can 
therefore easily be mistaken as an A-V junctional 
rhythm. Functional importance has also been attributed 
to internodal pathways in the Wolff-Parkinson-White 
syndrome?!6! and in the complex arrhythmias associ- 
ated with cancerous invasion of the atria.9? However, 
most of the relevant electrocardiographic studies, have 
dealt with spontaneous P wave changes, in patients with 
a variety of diseases, that could be logically explained 
on the basis of either depressed or enhanced activity 
in the function of the atrial conduction system.9?:64 

In two previous papers???*^ we discussed possible 
electrocardiographic consequences resulting from 
pathologic influences on the internodal and interatrial 
conduction system. We emphasized that to interpret 
mechanisms responsible for changes in P wave config- 
uration in clinical electrocardiography, it is essential to 
appreciate that such changes are often transient and 
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subtle. From the many lines of evidence cited in pre- 
ceding paragraphs, it appears that cells possessing po- 
tential automatic properties are located within the in- 
ternodal and interatrial pathways. When such pace- 
makers become active under certain pathophysiologic 
circumstances, the new pacemaker sites may influence 
the normal order of depolarization in the atria and 
thereby change the configuration of P waves. In some 
diseases or functional disorders an anterior, middle or 
posterior internodal pathway block (or a combination 
of these) may be produced, again changing the direction 
of the atrial electrical vectors and the form of the P 
waves. During the spontaneous changes in the polarity 
and configuration of P waves that occur concomitant 
with a change in heart rate, one must primarily suspect 
an active shift of the pacemaker. But when a P wave 
change occurs without a simultaneous change in heart 
rate, the diagnosis of block in one or more of the inter- 
nodal or interatrial pathways is more plausible. Al- 
though there are many forms of spontaneous P wave 
changes, we will consider two in particular: (1) the 
negative P waves in leads II, III and aVF seen with a 
normal P-R interval and interpreted as coronary sinus 
rhythm, and (2) the high peaked P wave or so-called “P 
pulmonale.” 

New observations, both clinical and experimental, 
give us for the first time a systematic basis for explaining 
these changes in P wave configuration. The experi- 
mental findings can be roughly divided into two groups. 
In the first group are those obtained by producing 
suppression (block) at strategic points along the ante- 
rior, middle and posterior pathways while observing 
how the suppression of normal conduction changes the 
atrial vectors and the contour of P waves.® In the sec- 
ond group are those obtained by pacing from different 
sites in the atria, where ectopic automatic centers are 
suspected to exist, and then observing the changes in 
polarity and configuration of P waves.®° 

Experimental blockade of assumed specific inter- 
nodal and interatrial pathways was undertaken as 
early as 1927 by Rothberger and Scherf,®’ and later by 
Holsinger et a1.95 Although both groups of investigators 
proved that they were able to change the contour of the 
normal P waves in dogs, the lead system they used 
cannot readily be applied to human beings and, there- 
fore, a direct application of their findings to interpre- 
tation of spontaneous P wave changes in patients is 
difficult. Leite et al,96 conducting experimental 
blockade within parts of the internodal and interatrial 
conduction system, used conventional surface leads for 
monitoring the P wave configurations. With selective 
block of the anterior internodal pathway near the sinus 
node, the mean vector representing atrial activation 
revealed a 100? left and posterior deviation. In each 
instance the cardiac rhythm remained of sinus origin 
but the P waves became negative in leads II, III and aVF 
and isoelectric to positive in lead aVR. The P-R interval 
did not change. After selective block of the middle in- 
ternodal pathway, the direction of the mean atrial ac- 
tivation vector deflected to the right by 20? in half the 
animals. Although the authors*6 do not stress this in the 
text, in their Figure 4 high peaked P waves appeared in 
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leads II, III, and aVF, illustrating not only the vectorial 
shift to the right, but also an electrocardiographic pat- 
tern very similar to the pattern that we clinically con- 
sider “P pulmonale.” After selective blockade of the 
posterior internodal pathway, no significant alteration 
was observed in the direction of the mean atrial acti- 
vation vector. 

The study by Leite et al.® is important not only be- 
cause conventional electrocardiographic leads were used 
but also because it provides a very good correlation with 
another set of experiments dealing with atrial pac- 
ing.®? MacLean et al.® found specific changes in 
contour and polarity of P wave when, in patients 
undergoing heart surgery, pacing was performed from 
chosen sites or points where human ectopic foci were 
suspected to exist. Pacing performed from the area of 
the Eustachian ridge produced negative P waves (with 
normal P-R intervals) in leads II, III and aVF (and also 
in V, to Vo). These changes were almost identical to 
those produced by blockade of the anterior internodal 
pathway in the experiments of Leite et al.96 An expla- 
nation for the similarity of these clinical and experi- 
mental results is provided in two additional experi- 
mental studies (one in human subjects and one in dogs) 
by Waldo and his colleagues.9?.7? Whenever the site of 
atrial pacing resulted in negative P waves in leads II, IH 
and aVF, then the posteroinferior part of the atrium was 
activated early and Bachmann's bundle late during the 
inscription of the P waves; we consider this equivalent 
to blockade of Bachmann's bundle. However, when the 
atria were paced from a second site near the first, posi- 
tive P waves were produced in leads II, III and aVF, and 
Bachmann's bundle was activated early during the P 
wave inscription. 

A comparison between experimental blockade and 
pacing ean also be made when considering the high and 
peaked P waves that often occur spontaneously in leads 


II, HI and aVF in human subjects. Such changes were 
produced by Leite et al.99 when they selectively blocked 
the middle internodal pathway, and similar P wave 
changes appeared when MacLean et al.®° paced the 
heart from a site in the left part of Bachmann's 
bundle. 

We would therefore tentatively reformulate our 
views as to the clinical electrocardiographic interpre- 
tation of spontaneous P wave changes in the following 
way: When such changes occur without any change in 
heart rate and there is a negative deflection of the P 
waves in leads II, III and aVF with a normal P-R inter- 
val, one is most probably dealing with a structural or 
functional block in the proximal anterior internodal 
pathway. However, if the same P wave changes occur 
with a concomitant change in heart rate, an ectopic 
active pacemaking center can be considered in the low 
right atrium, somewhere near the Eustachian ridge. If 
a high peaked P wave is observed replacing a normal P 
wave in leads II, III and aVF, it can be tentatively con- 
sidered a consequence of a block in the middle (or 
middle and inferior) internodal pathways if there is no 
slowing or enhancing of the heart rate. If a change of the 
heart rate accompanies the appearance of the high 
peaked P wave, then an ectopic center acting in the left 
part of the Bachmann bundle can be suspected. 

Our discussion would not be complete without com- 
ment on the recently published paper by Pastelin et a1.?? 
Their study of the participation of atrial specialized 
conduction pathways in atrial flutter not only offers 
strong support for the functional importance of the 
internodal pathways but also defines their importance 
in the pathogenesis of atrial flutter. Future similar 
studies can be expected to improve our understanding 
of how the internodal and interatrial pathways partic- 
ipate in the pathogenesis of a variety of supraventricular 
arrhythmias and atrial conduction disturbances. 
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The classic bounding pulse of aortic regurgitation was described by 
several authors before Corrigan made his comprehensive study of the 
disorder in 1832. The case report of Thomas Cuming, published 10 years 
earlier, is worthy of review. This Dublin practitioner not only presented 
signs and symptoms of aortic regurgitation proved at autopsy. but also 
attempted with considerable success to relate the signs to circulatory 
dynamics. 


The characteristic bounding pulse of aortic regurgitation was noted by 
William Cowper in 1705 and by Raymond Vieussens in 1715. Despite 
later claims by James Hope for his 1831 description of the “jerking 
pulse," eponymic credit is given to Dominic Corrigan,! who in 1832 
correlated signs of the disease with an understanding of the underlying 
valve pathophysiology. According to Fielding Garrison,? Corrigan was 
"the first to throw into relief the characteristic receding or ‘water ham- 
mer’ pulse in aortic regurgitation,’ known commonly as Corrigan’s 
pulse. 

A little known report by Thomas Cuming? in the Dublin Hospital 
Reports in 1822 also dealt with this topic. Entitled “A Case of Diseased 
Heart, With Observations,” this report not only presented signs and 
symptoms of aortic regurgitation proved at autopsy, but also attempted 
with considerable success to relate the signs to circulatory dynamics. 


Cuming’s Case Report 


Cuming’s patient was a 38 year old man, a glover, first seen in 1820. 
The presenting symptom was chest pain. 


He told me that about the latter end of September preceding he was seized 
one day ... with a severe pain in the middle of the sternum, attended with a 
still severer pain in the bend of the left arm. The sensation was so distressing 
that he was obliged to stop and go into a public house, where after resting about 
twenty minutes, the symptoms gradually went off... . While walking home- 
wards he was seized again with a similar pain in the breast and arm; and al- 
though he felt as strong an inclination to stand still as in the first instance, he 
made an effort to overcome it. ! 


Subsequent episodes of chest pain occurred while the patient was in 


bed. 


... he was awakened out of his sleep about 2 o'clock in the mornirg, by a re- 
currence of the pain in the breast and arm: the paroxysm in this instance was 
attended with a sense of tightness in the chest, severe dyspnoea, and violent 
pulsation of the heart and larger arteries, particularly the femoral, carotid, 
radial and temporal. ... From this period until the time I saw him, he ha 
generally about two paroxysms every morning, at 2 o'clock and at 5. 


Cuming's examination of the patient, in 1820, was limited to obser 
vation and palpation. Although Auenbrugger's 1761 description o 
percussion technique was popularized by Corvisart's French translatio 
of 1808, the first English translation was not published until 1824 
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Laennec’s epochal development of mediate auscultation 
was published in Paris in 1819, the year before Cuming’s 
observation, but the first English translation appeared 
in 1821. This initial edition was largely concerned with 
breath sounds, and little information regarding aus- 
cultation of the heart was available at the time. It is 
therefore not surprising that auscultatory features of 
Cuming’s case were overlooked. 


During, and in the intervals of the paroxysms, he had 
constant pulsation of the heart and large arteries; and the 
pulsations were so strong as to be visible from a considerable 
distance. Upon applying my hand I felt a strong pulsation 
over the whole left side of the chest, which extended into 
the epigastric region, and from that downwards for some 
way below the umbilicus. The pulse at the wrist was regular, 
full, hard, and vibrating. 


Symptoms worsened over the following weeks. 
Shortness of breath became prominent. 


On the evening of the 1st of January he was seized with 
a violent fit of coughing, which continued without inter- 
mission till 2 o'clock of the following morning, and obliged 
him to sit up in bed. From this hour till 7, he laboured under 
incessant dyspnoea, with gasping for breath, and the cough 
was very distressing... . In several nights after this attack 
he was obliged to sit in a chair, propped up by pillows, from 
a sense of impending suffocation whenever he attempted 
to lie in the horizontal position. 


Autopsy was performed by Charles Johnson, assisted 
by Cuming. In addition to apparent pulmonary edema, 
it was noted that 


The heart was fully double its natural size. . . . The cor- 
onary arteries were larger in proportion to the size of the 
heart, but in every respect healthy. . . . The great increase 
of size was in the left ventricle, whose cavity was so much 
enlarged, as to admit of the hand being turned round in it 
with facility. The parietes of the left ventricle were thinner 
than natural. ... 

The tricuspid and mitral valves were perfectly healthy, 
as were also the semilunar valves of the pulmonary artery. 
The valves of the aorta presented a shrivelled appearance; 
their margins were irregular, thickened, and of a cartilagi- 
nous consistence. When stretched to the uttermost, they 
did not reach within the tenth of an inch of the openings of 
the coronary artery. 


Cuming explained his pathologic findings by relating 
the valve disease to its effects on left ventricular func- 
tion. 

The state of the aortic valves seems sufficient to account 
for the dilatation of the ventricle. From being shrivelled, 


CUMING ON AORTIC REGURGITATION—KLIGFIELD 


thickened, and not extending within one-eigth of an inch 
of the openings of the coronary arteries, they were conse- 
quently, when applied to one another, incapable of closing 
up entirely the ventriculo-aortic aperture. During each 
diastole of the ventricle, therefore, a quantity of blood 
flowed back through this aperture from the artery, which 
meeting with the stream of blood flowing in at the same time 
from the auricle, occasioned a violent and supernatural ef- 
fort of the ventricle to empty itself of its contents. 


Deduced changes in circulatory dynamics were then 
related to the previously observed physical signs. 


Although the shrivelled and contracted state of the 
aortic valves prevented them from completely closing the 
ventriculo-aortic aperture, and they allowed a reflux of 
blood from the artery into the ventricle, there was no dim- 
inution of the aortic aperture itself, and therefore a full 
stream of blood was thrown into the artery at each stroke 
of the ventricle, whence arose the full, hard, and vibrating 
pulse.... 


Comment 


The purpose in presenting Cuming's report is not to 
stimulate priority debate regarding eponyms, or even 
to rescue this practitioner at the Dublin General Dis- 
pensary from relative obscurity. Comparing his single 
case report with Corrigan's comprehensive study of 
1832, one certainly is forced to agree with James Her- 
rick* that Corrigan “had a grasp of the subject that no 
previous writer had possessed.” On the other hand, 
Cuming’s careful observations of the symptoms and 
signs in aortic regurgitation, and particularly his early, 
accurate understanding of the pathophysiology 
underlying these signs, are worthy of current review. 

Some aspects of Cuming’s case have been presented 
by D. Evan Bedford,? the eminent cardiologist and 
medical historian. As a cardiologic bibliophile, T uncov- 
ered the report in the same serendipitous fashion as did 
Bedford. It is located between two choice collector's 
items in the complete series of Dublin Hospital Re- 
ports—the classic accounts of John Cheyne (Cheyne- 
Stokes respiration) in 1818 and of Robert Adams 
(Adams-Stokes syncope) in 1827. 

Good humor and historic accuracy require inclusion 
of Cuming's speculation on the etiology of his find- 
ings: 

It is hard to say in what the disease originated. The pa- 
tient could not attribute it to any particular cause; but I 
think it not improbable, that the previous pulmonic disease, 
combined with the habit he was in of playing on the flute 
and singing, had contributed to its production. 
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This report describes a case of left ventricular pseudoaneurysm diagnosec 
with two dimensional real time echocardiography. The two dimensiona 
echocardiogram identified not only the pseudoaneurysmal sac but alsc 
the site of left ventricular rupture. When supplemented with radioisotope 
gated cardiac blood pool scanning, the noninvasive studies demonstrated 
combined true and false left ventricular aneurysms. Left ventriculai 
pseudoaneurysm can be diagnosed using two dimensional echocardi- 
ography and nuclear imaging, permitting early operative intervention 
before fatal rupture. 


Left ventricular aneurysm is a common complication of myocardial in. 
farction, occurring in 15 to 20 percent of cases.! The most common type 
of aneurysm is a true aneurysm that forms after transmural infarctior 
by gradual thinning and expanding of scarred left ventricular wall. It: 
distinctive features are that of a large-mouthed sac containing all layer: 
of ventricular wall. A rare type of aneurysm is the “false” or pseu- 
doaneurysm of the left ventricle that develops from rupture of recently 
infarcted myocardial wall forming a localized hemopericardium confined 
by adherent parietal pericardium. Pathologically there is a small nar- 
row-necked channel connecting the ventricle with a large sac consisting 
of only clot and fibrous pericardial tissue without any myocardial ele- 
ments.? Clinically, both true and pseudoaneurysms can be complicated 
by emboli, arrhythmias and congestive heart failure. Pseudoaneurysms 
are distinguished from the true variety by their marked tendency tc 
rupture.?-4 

Because surgical repair of a pseudoaneurysm is often successful, it is 
important to make the diagnosis of this entity as early as possible.® In 
recent years both invasive and noninvasive techniques have facilitated 
the premorbid diagnosis of pseudoaneurysm. Although cineangiography 
has been the mainstay of clinical diagnosis, it is preferable to avoid 
catheterization in the early postinfarction period. Recently, new non- 
invasive techniques including M mode echocardiography- and ra- 
dioisotope gated cardiac blood pool imaging!? have been utilized to 
diagnose this unusual disease. This report describes a case of left ven- 
tricular pseudoaneurysm initially recognized using two dimensional real 
time echocardiography. Further evaluation included radioisotope 
scanning and cardiac catheterization, with subsequent successful surgical 
resection. 


Case Report 


A 66 year old man with a 2 year history of hypertension was hospitalized o 
March 17, 1978 with new onset of chest pain. The chest roentgenogram on ad 
mission was normal (Fig. 1, left). Chest pain recurred over 5 days and a patter 
typical of posterior wall infarction evolved in the electrocardiogram. On the 13t 
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hospital day silent T wave inversions were noted in leads I, 
aVL and Vg unassociated with any clinical event or increase 
in serum enzymes. Thereafter, the clinical course was un- 
complicated and he was discharged after 4 weeks without 
chest pain or signs of left ventricular dysfunction. 

The patient remained asymptomatic until July 5, 1978 when 
he awoke with chest pain and diaphoresis. On readmission to 
his local hospital the electrocardiogram revealed a new lateral 
transmural infarction with S-T elevation and evolving Q waves 
in leads I and aVL. On examination there was a new grade 2/6 
apical holosystolic murmur, third and fourth sound gallops 
and bibasilar rales. The admission chest X-ray film showed 
a large posterolateral paracardiac mass (Fig. 1, right). The 
clinical course was complicated by mild congestive heart 
failure and frequent ventricular arrhythmia, including epi- 
sodic ventricular tachycardia. On July 22, 1978 he was trans- 
ferred to the Veterans Administration Hospital, Washington, 
D.C. for evaluation of the suspected ventricular aneurysm. 

Physical examination revealed a blood pressure of 108/64 
mm Hg and a regular heart rate of 88 beats/min. Jugular ve- 
nous pressure was 6 cm water, and the lungs had bibasilar 
rales. A precordial paradoxical impulse was detected in the 
third left intercostal space. Third and fourth heart sounds 
were audible. High pitched to and fro systolic and diastolic 
murmurs were heard at the apex. The systolic murmur ta- 
pered before the second heart sound and the diastolic murmur 
extended through mid diastole. The electrocardiogram dis- 
closed sinus rhythm, early R wave transition in the precordial 
leads, Q waves in leads I and aVL consistent with recent lateral 
infarction, and diffuse precordial T wave inversion. There was 
1 mm S-T elevation limited to lead aVL. The chest X-ray film 
was unchanged from the film obtained earlier that month (Fig. 
1). 

Echocardiographic studies: M mode echocardiography 
was performed using a Smith-Kline Ekoline 20 ultrasonoscope 
interfaced with a Honeywell Visicorder 1856 recorder and a 
2.25 megahertz transducer. An adequate echocardiogram was 
obtainable only in the subxiphoid view because of the chest 
wall configuration and lung artifact. Left atrial, aortic, left 
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ventricular and septal dimensions and wall motions were 
normal. A large 7.2 cm echo-free space was apparent posterior 
to the left ventricular free wall (Fig. 2). There was no anterior 
echo-free space or identifiable communication between the 
left ventricle and echo-free space. 

A two dimensional real time echocardiographic study was 
performed with a Varian 3000 wide angle, 84°, phased array 
sector scanner. The two dimensional images were obtained 
using the apical four chamber view.!! With the patient in the 
left lateral decubitus position, the transducer was placed near 
the cardiac apex to visualize all four chambers simultaneously 
and then the paracardiac mass was visualized by rocking the 
transducer laterally. Additional images were obtained using 
the subxiphoid view with the patient supine and the trans- 
ducer angulated superiorly.!? Images were recorded perma- 
nently on videotape, and illustrations were obtained from 
photographs of stop-action, single frame videotape scan im- 
ages. This photographic process reduces image quality and 
loses the visual effects of motion present in real time record- 
ings. 

The apical four chamber view (Fig. 3) revealed a normal- 
sized hypocontractile left ventricle. Laterally, there was a large 
echo-free, noncontractile space. It clearly communicated with 
the left ventricular cavity through a narrow channel in the 
ventricular free wall a few centimeters below the mitral valve. 
The subxiphoid view (Fig. 4) also demonstrated the echo-free 
space and an irregular narrow passage through the posterior 
left ventricular wall. 

Radioisotope gated cardiac blood pool imaging: The 
patient's ejection fraction was determined and gated myo- 
cardial images were obtained after the in vivo labeling of red 
blood cells with technetium-99m.!? Gated myocardial images 
in the 40? right anterior oblique, anterior, 40? left anterior 
oblique and left lateral views were acquired for 400,000 
counts/view on the Ohio Nuclear 100 series scintillation 
camera. Outlines of the left ventricle were obtained in end- 
systole and end-diastole by tracing the ventricular outline on 
X-ray film placed on the camera screen. These images were 
superimposed to evaluate left ventricular contraction. The 





| 


FIGURE 1. Chest X-ray films in posteroanterior projection. Admission film before (March 17, 1978, left) and after (July 5, 1978, right) formation of 
the aneurysm. 
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FIGURE 2. M mode echocardiographic recording at level of the mitral 
vaive (MV). Ventricular chamber sizes are normal. The large pseu- 
doaneurysm (PAn) is recorded as a 7.2 cm echo-free space posterior 
to the left ventricular free wall. IVS = interventricular septum; LV = 
left ventricle; RV = right ventricle. 


patient’s ejection fraction was calculated from the 40° left 
anterior oblique image utilizing the 160 series Ohio Nuclear 
Data Processor. 

A large noncontractile chamber, nearly twice the volume 
of the left ventricle, was demonstrated to connect to the high 
lateral ventricular wall by a narrow waist (Fig. 5). This was 
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similar to the hourglass configuration observed by Botvinick 
et al.!? using a similar technique. Left ventricular function was 
diminished, with a 35 percent ejection fraction. Adcitionally, 
a small paradoxical bulge was visualized on the posterior left 
ventricular wall, suggestive of a concomitant true aneurysm 
(Fig. 5). 

Cardiac catheterization: This procedure was performed 
on July 31, 1978 through a percutaneous femoral technique 
without complication. Hemodynamic measurements (in mm 
Hg) revealed right- and left-sided pressure elevation: mean 
right atrial 8; right ventricular 45/7; pulmonary arterial 45/22; 
pulmonary arterial wedge 22, v wave 28; and left ventricular 
90/20. Left ventricular angiography was performed in 30? 
right anterior oblique and 45? left anterior oblique projections 
(Fig. 6). This procedure confirmed the noninvasive findings. 
Both a large pseudoaneurysmal sac with its narrow neck and 
a small posterior wall true aneurysm were visualized. The left 
ventricular ejection fraction was 36 percent. 

Coronary arteriography demonstrated severe two vessel 
coronary artery disease. The proximal segment of the left 
anterior descending artery had serial 75 percent luminal 
narrowings and a 90 percent lesion was present in the first 
diagonal branch. The left circumflex artery had total occlusion 
of the first obtuse marginal branch which supplied the region 
of the free-wall perforation. 

Cardiac surgical findings: Cardiac surgery was performed 
on August 7, 1978. At thoracotomy a large thin-walled pseu- 
doaneurysm sac was visible on the lateral aspect of the heart 
with an adjacent small egg-sized true aneurysmal bulge of the 
posterior wall. Microscopic examination of surgical section 
of the pseudoaneurysmal wall revealed only clot and fibrous 
tissue without any myocardial elements (Fig. 7). The sac was 
opened with an incision extending through the true aneurysm 
to the site of left ventricular rupture. The mitral valve was 
incompetent and was replaced with a no. 27 Hancock porcine 
prosthesis. The ventricle was sutured closed, obliterating both 
aneurysms. Aortocoronary saphenous vein grafts were inserted 
in the left anterior descending and first diagonal vessels. The 
postoperative course was uncomplicated and the patient was 
discharged on the 12th postoperative day. He continues to do 
well and has no chest pain or congestive heart failure. 


Discussion 


With the advent of surgical repair of pseudoaneurysm 
of the left ventricle the importance of early diagnosis has 


FIGURE 3. Diastolic step frame 
two dimensional echocardiogram, 
apical four chamber view (left), with 
diagrammatic representation of 
the echocardiographic tomogram 
(right). Note the narrow gap in the 
left ventricular free wall (arrow) that 
connects the left ventricle (LV) and 
the pseudoaneurysm (PAn). L = 

LA = left atrium; R = right; RA = 
right atrium; RV = right ventricle; S 
= septum. 
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FIGURE 4. Diastolic stop frame two dimensional echocardiogram, subxiphoid view (left), with diagrammatic representation of the echocardiographic 
tomogram (right). The posterior location of the pseudoaneurysm (PAn) and the site of left ventricular wall rupture (arrow) are demonstrated. A° 


= aorta; other abbreviations as in Figure 3. 


been stressed. A recent review? emphasized the poor 
natural history of pseudoaneurysms with 31 percent 
fatal rupture in patients not treated surgically. In con- 
trast, surgery was successful in 81 percent of cases. 
Current advances in noninvasive techniques have fa- 
cilitated identification of pseudoaneurysm. Our case 
illustrates the primary role played by two dimensional 
echocardiography and gated blood pool scintigraphy in 
the early and accurate diagnosis of left ventricular 
pseudoaneurysm. 

Clinical features of pseudoaneurysm: Although 
the clinical symptoms of pseudoaneurysm are not dis- 
tinctive, physical examination may be helpful. There 





may be an abnormal bifid precordial impulse and an 
apical systolic murmur. The murmur is often holosys- 
tolic, mimicking chronic mitral regurgitation,!^-!? or 
may have early pansystolic and late ejection features 
(ending before the second heart sound) similar to the 
auscultatory findings in acute mitral regurgitation,® One 
previous report? described a continuous murmur. In our 
patient there appeared to be turbulence generated over 
the narrow mouth of the pseudoaneurysm producing a 
systolic murmur during filling and a diastolic murmur 
during emptying of the aneurysmal sac, although sig- 
nificant mitral regurgitation may have also been re- 
sponsible for these auscultatory findings. 


^ ael uer TA 
aoe 4. 
] pt 
False SN 
Aneurysm — ^N 
= | 
] ^q j 
io" op / 
| adi {~~ 
i i A etal 
Fi H "3 
ie N.. 
‘ L.V. Y. 
| S. `. , 4 ' + True 
X N pe Aneurysm 
} \ ^ / 
N / 
v - A 
aimee End Systole 
---- End Diastole 


FIGURE 5. End-diastolic (LAO-ED) and end-systolic (LAO-ES) frames in the 40° left anterior oblique projection of gated nuclear study (left and 
middle panels) with diagram of superimposed end-systolic and end-diastolic images (right panel). These views demonstrate the chambers of the 
left ventricle (LV), right ventricle (RV) and false aneurysm. The superimposed frames demonstrate the systolic paradoxical motion of the true aneurysm 


(arrows). 
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FIGURE 6. End-systolic cineangiographic frame in the 30° right anterior 
oblique projection demonstrating both the pseudoaneurysm (PAn) and 
the posterior true aneurysm (TAn). The arrow marks the connecting 
channel between the left ventricle (LV) and the pseudoaneurysm. 


The chest roentgenogram of pseudoaneurysm typi- 
cally reveals a large paracardiac mass as early as 1 week 
after myocardial infarction.!?.!" Often over a few weeks 
or months, there is rapid progression of the enlarging 
heart shadow.!® Location is helpful because nearly 50 
percent of pseudoaneurysms are located posteriorly.’ 
'Thus, any posterior ventricular aneurysm should raise 
the suspicion of pseudoaneurysm. Electrocardiographic 
findings are variable and usually nondiagnostic in both 
true and pseudoaneurysm. Persistent S-T elevation is 
often absent or minimal as in our case. 

M mode echocardiography: This method has been 
utilized to detect both true and false left ventricular 
aneurysms.?:7-9.19,20 Typically, a true aneurysm dem- 
onstrates diminished wall motion of the infarcted seg- 
ment and absence of the usual tapering of the left ven- 
tricular cavity when one is scanning toward the apex. 
'The M mode pattern of pseudoaneurysm has distin- 
guishing features. The left ventricular wall motion may 
be normal and the cavity tapers appropriately toward 
the apex. A large echo-free space posterior to the ven- 
tricular free wall but anterior to pericardium can be 
visualized.? Occasionally, areas of free wall echo 
“dropout” are recorded, suggesting the location of 
ventricular rupture. However, the M mode pattern is 
nonspecific and may simulate pericardial effusion or 
cyst. Anterior and lateral aneurysms may not be visu- 
alized. 

Two dimensional real time echocardiography: 
This method eliminates many of these problems by 
recording large portions of the heart producing an 
“angiogram-like” picture. Multiple views can be ob- 
tained, both similar to and different from standard 
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FIGURE 7. Surgical section of the wali of the pseudoaneurysm re- 
vealing only fibrous tissue without any myocardial elements. 


catheterization projections. By rocking the transducer 
across the heart, relations of cardiovascular structures 
and their gross anatomic appearance can be analyzed. 
The two dimensional recording of true ventricular an- 
eurysm has been well described and the sonographic 
picture corresponds well to the typical gross pathologic 
findings.?' Large regions of the left ventricle are visu- 
alized and demonstrate the paradoxically bulging con- 
tour of the aneurysm with a large mouth that is tvpically 
as wide as its greatest diameter.? Two dimensional 
echocardiography is ideally suited to delineate the 
particular gross anatomic features of a pseudoaneurysm. 
The recordings in our case clearly identified a large 
posterolateral pseudoaneurysmal chamber sharply 
demarcated from the left ventricular cavity by a nar- 
row-necked channel producing the characteristic 
hourglass configuration.^ The channel itself, repre- 
senting the exact site of myocardial rupture, could be 
located on the high lateral left ventricular wall just in- 
ferior to the mitral valve. 

Radionuclide imaging studies: Further perspective 
in diagnosis of ventricular aneurysm can be provided 
by noninvasive radionuclide study. Evaluation of true 
left ventricular aneurysm by radioisotope blood pool 
imaging is now a well accepted technique with a high 
degree of sensitivity and specificity." Recently this 
method has been utilized to identify and to distinguish 
pseudoaneurysm of the left ventricle from the wide- 
mouthed true aneurysm.!? In our patient, radioisotopic 
scanning dramatically demonstrated the suspected large 
pseudoaneurysmal sac and provided direct evidence of 
its continuity with the left ventricular chamber. In ad- 
dition, in the same study a small posterior true aneu- 
rysm was identified that was not recognized with two 
dimensional echocardiography. Failure of the ultrasonic 
examination to demonstrate this second aneurysm may 
have been due to inability to record good quality short 
and long axis precordial views. One recent report?’ de- 


August 1979 The American Journal of CARDIOLOGY Volume 44 


scribed a case of combined true and false aneurysms 
diagnosed at cardiac catheterization. In our patient 
combined echocardiography and nuclear scanning 
visualized both aneurysms. 
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Five patients with atrial septal defect and proved cardiac tamponade had 
neither paradoxical pulse nor the inspiratory reduction of left ventricular 
internal dimension associated with this sign. It is assumed that equilibration 
of flow across the atrial septal defect prevented paradoxical pulse. Pa- 
tients with a large atrial septal defect and tamponade do not manifest a 
paradoxical pulse. 


Paradoxical pulse is an important clinical sign of cardiac tamponade. 
It has recently been noted! that patients with a paradoxical pulse and 
a large pericardial effusion demonstrate an inspiratory decrease of mitral 
valve excursion and left ventricular internal dimension on echocardi- 
ography. Five patients with cardiac tamponade and an atrial septal de- 
fect with no paradoxical pulse are described in this report. 


Case Material 


Between 1971 and 1977 echocardiography was performed in five patients with 
cardiac tamponade and a large atrial septal defect. The procedure was repeated 
after pericardial drainage in three patients. In each case the tamponade was 
manifested clinically by severe hypotension and elevated venous pressure. In 
four patients who underwent pericardial drainage normal blood pressure was 
restored. One patient, with metastatic breast cancer, died. This patient had 
progressive hypotension over several days; the absence of a paradoxical pulse 
was considered evidence that tamponade was not the cause of her hypoten- 
sion. 

The clinical features of these five patients are presented in Table I. The 
presence of an atrial septal defect was diagnosed at postmortem examination 
in Patient 1 and at cardiac catheterization in the remaining patients. The di- 
agnosis was confirmed at operation in Patient 2. Despite careful anc repetitive 
evaluation by multiple observers, paradoxical pulse was not noted in any pa- 
tient. 


Results 


'The echocardiogram in each case revealed the presence cf anterior 
and posterior echo-free spaces, immobility of the parietal pericardial 
echo, increased right ventricular internal dimension and paradoxical 
septal motion (Fig. 1) The former two findings are indicative of a large 
pericardial effusion? and the latter two are suggestive of an atrial septal 
defect.4 The anteroposterior dimension of the posterior echo-free space 
ranged from 1.0 to 2.0 cm and the anterior echo-free space from 0.5 to 
2.0 cm. Conspicuously absent was any respiratory variation in left ven- 
tricular internal dimension or mitral valve excursion. The blood pressure 
increased immediately after pericardiocentesis. Repeat echocardiograms 
were obtained in three patients after pericardiocentesis and restoration 
of normal blood pressure. These studies demonstrated a marked re- 
duction of pericardial effusion and persistence of paradoxical septal 
motion. The right and left ventricular internal dimension increased by 
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TABLE | 
Summary of Five Cases 
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Central Venous Pressure 


Systolic Blood Pressure 





(mm Hg) (mm Hg) 
Before After Before After 
Case Age (yr) Pericardio- Pericardio- Pericardio- Pericardio- 
no. & Sex Diagnosis centesis centesis centesis centesis Size of Effusion 
1 64F Secundum ASD 26 Progressive 700 cc at autopsy 
(large at postmortem study); hypotension 
metastatic breast death 
cancer 
2 28M Primum ASD (3:1); 20 6 60 120 700 cc at 
pneumococcal ? 75 pericardiocentesis 
pericarditis 
3 42M Secundum ASD (2.8: 1); 22 10 70 130 “Large” (amount 
tuberculous ry 80 not recorded) 
pericarditis 
4 48M Secundum ASD (2: 1); 28 12 80 110 300 cc at 
viral 55 80 pericardiocentesis 
pericarditis 
5 56M Secundum ASD (4:1); 18 9 75 140 400 cc at 
viral 40 Ec pericardiocentesis 
pericarditis 





ASD = atrial septal defect (the ratio indicates pulmonary to systemic flow). 


an average of 8 and 8.3 mm, respectively. Intrapericar- 
dial pressures were not measured. 


Discussion 


Pathophysiology of paradoxical pulse: Several 
theories have been elaborated to explain the patho- 
physiology of paradoxical pulse. Respiratory effects on 
left heart volume are mediated through the pulmonary 
circulation by delay in the transmission of systemic 
venous return to the left atrium? and by an increase in 
the storage capacity of the pulmonary venous system 
during inspiration.? Golinko et al.’ implicated an in- 
spiratory reduction of the pressure gradient between the 
pulmonary veins and left atrium in producing para- 


doxical pulse. The riet effect of these mechanisms is an 
inspiratory diminution of left heart volume and stroke 
output. D'Cruz et al.! and Settle et al.? noted inspiratory 
reduction of left ventricular internal dimension and of 
mitral valve excursion and velocity in patients with 
cardiac tamponade. The echocardiographic pattern 
described by D'Cruz et al. is not specific for tamponade 
because it has also been seen in paradoxical pulse due 
to respiratory distress.^? Nevertheless, the inspiratory 
reduction of left ventricular stroke volume appears to 
be required for the production of paradoxical pulse. 
Role of atrial septal defect in presenting para- 
doxical pulse in pericardial effusion: Each of our five 
patients had a pericardial effusion large enough to 
produce severe hemodynamic impairment, yet none had 
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FIGURE 1. Patient 4. Echocardiogram obtained before pericardiocentesis. The scan is from the left ventricle (LV) at the level of the mitral valve 
(M) on the right, to the apex on the left. Note the dilated right ventricle (RV) and the anterior and posterior echo-free spaces (E) indicating effusion. 


en = posterior left ventricular endocardium; p = 


visceral pericardium. 
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a paradoxical pulse. This finding contrasts markedly 
with the study by Lange et al.!° in which all seven pa- 
tients with cardiac tamponade had evidence of a para- 
doxical pulse. Schiller and Botvinick!! noted this sign 
in 15 of 17 patients with tamponade. It seems likely that 
the difference between their findings and ours is due to 
the presence of a large atrial septal defect in each pa- 
tient in our study. 

In patients with a large atrial septal defect, the nor- 
mal inspiratory increase in systemic venous return is 
balanced by a decrease in the left to right shunt. The 
result is right and left heart diastolic volumes that do 
not change with respiration. This mechanism!” explains 
the fixed splitting of the second heart sound in patients 
with a large atrial septal defect and can be extended to 
explain the absence of paradoxical pulse in patients with 
a large atrial septal defect and cardiac tamponade. An 
inspiratory decrease in pulmonary venous return and 
left ventricular stroke volume is prevented by equil- 
ibration of atrial volumes across the septal defect. When 
venous return to the right atrium was held constant 
throughout the respiratory cycle in experimental tam- 
ponade, pulsus paradoxus could not be elicited.!? 

The only echocardiographic manifestation of cardiac 
tamponade in our patients was reduction of the right 
and left ventricular internal dimensions. This reduction 
was obvious only by comparison with the dimensions 
in the echocardiograms obtained after pericardial 


drainage. Right ventricular compression in cardiac 
tamponade has previously been reported.!! 

'The absence of paradoxical pulse in patients with 
cardiac tamponade is not specific for atrial septal defect, 
because paradoxical pulse may also be absent when 
there is severe hypotension.!* It may also be absent if 
tamponade occurs in patients with severe musculo- 
skeletal abnormalities of the chest, producing shallow 
respiration. 

Implications: An increased incidence of pericardial 
disease in patients with an atrial septal defect has been 
reported.!^ Elevated venous pressure in patients with 
an atrial septal defect may be caused by severe pulmo- 
nary hypertension, left ventricular dysfunction or 
tamponade; the absence of paradoxical pulse cannot be 
used to exclude tamponade. Conversely, a clinical set- 
ting suggestive of cardiac tamponade, but without 
paradoxical pulse, should raise the suspicion that an 
atrial septal defect may be present. Echocardiography 
may allow diagnosis of both the atrial septal defect and 
the large pericardial effusion. The common echocar- 
diographic sign of paradoxical septal motion in patients 
with an atrial septal defect cannot be accurately iden- 
tified where there is pendular motion of the entire heart 
within a large pericardial effusion. Moreover, the 
magnitude of right ventricular dilatation in atrial septal 
defect may be diminished in the presence of cardiac 
tamponade. 
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31 summary of prescribing information 

DURAQUIN? (quinidine gluconate tablets) Sustained Release 

CLINICAL PHARMACOLOGY: In clinical studies, single doses of Duraquin produced a 
mean maximum plasma level at 2 hours which was maintained for 12 hours. This broad pla- 
teau indicates slow, continuous absorption from the gastrointestinal tract. 

In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 hours, pro- 
duced steady state (equilibrium) plasma levels shortly after 24 hours. The average quini- 
dine plasma levels (Cramer and Isaksson assay") were 0.81 mcg/ml and the mean peak 
levels were 1.16 mcg/ml in a group of normal male subjects weighing 75 Kg. Following the 
last dose at steady state, quinidine plasma levels decreased at an approximate rate of 
5096 in 10 hours. This compares to the expected plasma half-life of 6.3 hours for quinidine 
sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with dosage. 
While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5to 9 mcg/ml have been re- 
ported, these values are based on peak plasma levels determined by the less specific 
Edgar and Sokolow assay?This procedure yields quinidine levels averaging 22% higher 
than the Cramer and Isaksson assay. Plasma levels vary considerably in patients receiving 
identical doses. Therefore, it is advisable to adjust the dosage by monitoring plasma quini- 
dine levels. 


INDICATION: Duraquin tablets are indicated for the prevention of premature atrial, nodal, 
or ventricular contractions. They are also indicated for the maintenance of normal sinus 
rhythm following spontaneous reversion or electrical conversion of atrial, nodal, oc ventricu- 
lar tachycardia, atrial flutter and fibrillation (either paroxysmal or chronic) 


'Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasma. Scandina- - 


vian J. Clin. & Lab. Investigation 15, 553, 1963. 
"Edgar, A.L. and Sokolow. M. Experiences with the Photofluorometric Determination of = 
Quinidine in Blood. J. Lab. Clin. Méd. 36, 478, 1950. . 


PD-JA-2299-1-P (3-79) 


COST IS APPROXIMATELY 9096 LESS THAN OTHER | ee TE 
LONG-ACTING QUINIDINE GLUCONATE THERAPY! MAC. 


*The quantity of drug and frequency é administration needed is achieve desired. clinical desit AGUA e i 
must be determined for each patient. DUM : | | MR Se eee 
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sustained-release tablets, 330 mg 
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CONTRAINDICATIONS: 1. History of hypersensitivity to quinidine manifested by thront i 
bocytopenia, skin eruption, febrile reactions, etc. i 
2. Complete A-V block. sae a. SAEI 
3. Complete bundle branch block or other severe intraventricular cohduction defecik ek As 
hibiting marked QRS widening or bizarre complexes. GT a E TEN 
4. Myasthenia gravis. F | eu die x VITA 
5. Arrhythmias associated with digitalis toxicity. . ». aS 
WARNINGS: 1. (a) In the treatment of atrial fibrillation with ‘nid SANI apie, Ven- 
tricular rate should be controlled with digitalis glycosides prior to administration Drew 
quinidine. AE 
(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm mày: be pre- 
ceded by progressive reduction in the degree of A-V block to a 1:1 ratio resulting in an ex- 
tremely high ventricular rate. This potential hazard may be reduced by digitalization prior to 
administration of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is nec- —_ 
essary, digoxin dosage should be reduced and plasma concentration should be 2n 
monitored and patients observed closely for digitalis intoxication. E 
2. Quinidine cardiotoxicity may be manifested by increased PR'and QT intervals, 50% vido: 
ening of QRS, and/or ventricular ectopic beats ortachycardia. Appearance of these toxic. 
signs during quinidine administration mandates immediate discontinuation of the drug, 
and/or close clinical and electrocardiographic monitoring: Note: Quinidine effectis |... 
Dried by potassium and reduced in the presence of hypokalemia, ' En. 

3. "Quinidine Syncope” may occur as a complication of long-term therapy. It is vüanifested - 
by sudden loss of consciousness and ventricular arrhythmias with bizarre QRS capones: 
This syndrome does not appear to be related:to dose or plasma levels but occurs more of-. . 


ten with prolonged QT intervals. 
Brief summary continued on following page. 
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DUfaQUuin 


(QUINIDINE GLUCONATE 
TABLETS) sustained-release tablets, 330 mg 


Brief summary continued from previous page. 


4. Because quinidine antagonizes the effect of vagal excitation upon the atrium and the 
A-V node, the administration of parasympathomimetic drugs (choline esters) or the use of 
any other procedure to enhance vagal activity may fail to terminate paroxysmal supraven 
tricular tachycardia in patients receiving quinidine 

5. Quimidine should be used with extreme caution in 

a) The presence of incomplete A-V block, since a complete block and asystole may result 
Quinidine may cause unpredictable abnormalities of rhythm in digitalized hearts. There- 
fore, it should be used with caution n the presence of digitalis intoxication (see 1. (b) above) 
b) Partial bundle branch block 

C) Severe congestive heart failure and hypotensive states due to the depressant effects of 
quinidine on myocardial contractility and arterial pressure 

d) Poer renal function, especially renal tubular acidosis, because of the potential accumu- 
lation of quinidine in plasma leading to toxic concentrations 

PRECAUTIONS: 

1. Test Dose— A preliminary test dose of a single tablet of quinidine su/fate should be ad- 
ministered prior to the initiation of (ne sustained release gluconate to determine whether 
the patient has an idiosyncrasy to the Quinidine molecule 

2. Hypersensitivity — During the first weeks of therapy, hypersensitivity to quinidine, al- 
though rare, should be considered (eg. angioedema, purpura, acute asthmatic episode, 
vascular collapse) 

3. Long-Term Therapy — Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy and the drug should be discontinued if blood 
dyscrasias or signs of hepatic or renal disorders occur 

4. Large Doses — ECG monitoring and determination of plasma quinidine levels are rec- 
ommended when doses greater tan 2.5 g/day are administered 

5. Usage in Pregnancy — The use of quinidine, in pregnancy, should be reserved only for 
those cases where the benefits outweigh the possible hazards to the patient and fetus 

6. Nursing Mothers — The drug should be used with extreme caution in nursing mothers 
because the drug is excreted in breast milk 

7. General—!n patients exhibiting asthma, muscle weakness, and infection with fever prior 
to quinidine administration, hypersensitivity reactions to the drug may be masked 

DRUG INTERACTIONS: 

1. Caution should be used when quinidine and its analogs are administered concurrently 
with coumarin anticoagulants. This combination may reduce prothrombin levels and cause 
bleeding 

2. Quinidine, a weak base, may have its half-life prolonged in patients who are concurrently 
taking drugs that can alkalize the urine, such as thiazide diuretics, sodium bicarbonate, 
andicarbonic anhydrase inhibitors. Quinidine and drugs which alkalize the urine should be 
used together cautiously 

3. Quinidineexhibits a distinct anticholinergic activity in the myocardial tissues. An additive 
vagolytic effect may be seen when quinidine and drugs having anticholinergic blocking 
activity are used together. Drugs having cholinergic activity may be antagonized by 
quinidine 

4. Quinidine and other antiarrhythmic agents may produce additive cardiac depressant ef 
fects when administered together 

5. Quinidine interaction with cardiac glycosides (digoxin); See WARNINGS 

6. Antacids may delay absorption of quinidine but appear unlikely to cause incomplete 
absorption 

7. Phenobarbital and phenytoin may reduce plasma ty, of quinidine by 50% 

8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory depression o! 
patients receiving decamethonium, tubocurare, or succinylcholine 

ADVERSE REACTIONS: Symotoms of cinchonism (ringing in the ears, headache, dis- 
turbed vision) may appear in sensitive patients after a single dose of the drug 
Gastrointestinal: The most common side effects encountered with quinidine are refer 
abie to this system. Diarrhea frequently occurs, but it rarely necessitates withdrawal of the 
drug. Nausea, vomiting, and abdominal pain also occur. Some of these effects may be 
minimized by administering the drug with meals 

Cardiovascular: widening of ORS complex, cardiac asystole, ventricular ectopic beats, 
idioventricular rhythms including ventricular tachycardias and fibrillation; paradoxical 
tachycardia, arterial embolism and hypotension 

Hematologic: acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic pur- 
pura, agranulocytosis 

CNS: headache, fever, vertigo apprehension, excitement, confusion, delirium and syn 
cope, disturbed hearing (tinnitus, decreased auditory acuity), disturbed vision (mydriasis 
blurred vision, disturbed color perception, photophobia, diplopia, night blindness, Scoto 
mata); optic neuritis 

Dermatologic: cutaneous flushing with intense pruritus 

Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular collapse 
respiratory arrest 

DOSAGE AND ADMINISTRATION: Dosage should be titrated to give the desired 
clinical effect, e.g., elimination of paroxysmal rhythm or reduction in premature 
contractions (See CLINICAL PHARMACOLOGY). This will often require prolonged 
ambulatory ECG monitoring, as hour-to-hour variability renders brief ECG record- 
ings unreliable. When doses larger than 2.5 g/day are used, quinidine blood levels 
should be monitored, if possible, and serial ECGs should be followed (See WARN- 
INGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus rhythm fol 
lowing spontaneous reversion or electrical conversion, the usual dosage is from 330 ma to 
660 mg every eight hours, most patients requiring the higher dose 

In eiderly patients, and in patients in the lower end of the normal weight range, plasma 
quinidine determinations should be considered. Dosage adjustments may be required 
OVERDOSAGE: Cardiotoxic effects of quinidine may be reversed in part by molar sodium 
lactate; the hypotension may be reversed by vasoconstrictors and by catecholamines 
(since the vasodilation is partly due to alpha-adrenergic blockade) 

HOW SUPPLIED: N 0071-0850 (P-D 850) Duraquin (quinidine gluconate tablets) 330-mg 
tablets are supplied in bottles of 100 tablets 
AHFS Category 24:04 YD 
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Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 
a leading medical center show 
you how to use the most current 
chemotherapeutic agents 
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At last a way to keep up with the bewildering prolifera- 
tion of new chemotherapeutic drugs which have 
come into use relatively recently. This just published 
guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 
cist, and nurse oncologist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to" manual. 
Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 


following for both commercially 
; NUS Chief, Oncology Service, Div. Hematology-Oncology, 








drugs: Clinical Professor of Medicine, Cornel! University Medical 
e Structure College, Ming PREMO New York Hospital, Exec. 
e Mechanism of Action Officer, Cancer & Leukem:a Group B. 
e Pharmacokinetics R. DAVID LAUPER, Pharm. D 
e Toxicity Asst. Director for Education and Information, Pharmacy 

Dept., New York Hospital-Cornell Medical Center. 

e Therapy 
e Availability CHARLES L JAROWSK!. MD 


Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div. of Hematology-Oncology, 


The chemotherapeutic agents in The New Ycrk Hospital. 


the main listing section cover 
these categories: 

* Alkylating Agents 

* Antimetabolites 


E 
Mitotic Inhibitors Refer to it for chemotherapeutic drug information for a fu 
* Antibiotics month. Then keep the book only if you want it for permanen 
è Miscellaneous (includes such reference. Otherwise simply return it and owe nothing. You 
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Use it for 30 days—FREE 


YES! Please send me a copy of ASYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 


O Payment enclosed, publisher pays shipping cost. 
O Bill me plus cost of shipping 
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An 
antihypertensive 
thats easy to 

live with 





...for them, and for you. 


Lopressor 


metoprolol tartrate 


Does not interfere with sex life of 
patients. 


Lopressor usually does not cause 
impotence or loss of libido, 
complaints which many male patients 
encounter with sympathetic inhibitors, 
but which they may be reluctant to 
discuss with their physicians. 


Rarely causes daytime sedation or 
postural hypotension. 


Most of the side effects that have 
occurred with Lopressor are mild 

and transient. For example, tiredness 
and dizziness occur in about 10% of 
patients; depression, diarrhea in about 
5%. Lopressor is contraindicated in 
sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, 
and overt heart failure. 


Easy to take twice-a-day dosage. 


Patients will also appreciate the 
easy-to-remember b.i.d. dosage of 
Lopressor. Since b.i.d. dosage is 
known to encourage patient 
adherence, this is another way that 
Lopressor improves your chances for 
long-term therapeutic success. 


Significantly reduces blood 
pressure when added to a diuretic. 


Lopressor caused a significant fall in 
blood pressure when given to 
patients already receiving a diuretic. 
Investigators reporting in the British 
Journal of Pharmacology concluded 
that “Metoprolol in combination with 
chlorthalidone appears to be an 
effective and well-tolerated treatment 
for mild and moderate hypertension 
in those patients not responding to 
chlorthalidone alone.” * 


Treatment Period 


Placebo + 
chlorthalidone 


Metoprolol + 
chlorthalidone 


one month 

Systolic BP (mmHg) 
158+4 supine 142=4 
160+5 standing 14723 

Diastolic BP (mmHg) 
96+2 supine 8751 
1022 standing 94-1 

two months 

Svstolic BP (mmHg) 
15924 supine 146-4 
1594 standing 147=4 

Diastolic BP (mmHg) 
96+2 supine 8931 
101:€2 standing Soi 

three months 

Systolic BP (mmHg) 
1985 supine 148=3 
159+4 standing 149+3 

Diastolic BP(mmHg) 
972 supine 87-1 
101-2 standing 93-1 


Works primarily where it should... 
not where it shouldn t. 


Lopressor is the only relatively 
selective beta blocker available in 
the United States. Unlike the first 
generation beta blocker, propranolol, 
which is nonselective, Lopressor 

has a preferential! effect on beta 
receptors involved in lowering blood 
pressure. It has less effect on beta 
receptors that do not relate to 
antihypertensive mechanisms. 


Please see last page of this 
advertisement for brief summary 
of prescribing information. 


* Jaattelà A, Pyörälä K: A controlled study on 
the antihypertensive effect of a new (3 
adrenergic receptor blocking drug, meto- 
prolol, in combination with chlorthalidone 
Br J Pharmacol 3:655-660, 1976. 
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Lopressor” 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 
Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock. and overt cardiac fail- 
ure (see Warnings). 

Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive hear failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a diuretic, 
and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 


tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta; stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
dosing interval. (See Dosage and Administra- 
tion.) 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversia!. It should be noted, how- 
ever, that the impaired ability ofthe heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 


Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 


Diabetes Mellitus: Be:a-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions /mpaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (e.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefere be closely observed for 
evidence of hypotensien and/or marked bradycar- 
dia which may produce vertiga, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages im pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence cf impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimpiantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled stucies in pregnant women. 
Lopressor should be used in pregnant women only 


_when clearly needed 
Nursing Mothers: |t is not known whether this drug 


is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 


Usage in Children: Safety anc effectiveness in 
children have not been established. 

Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 o! 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arteria insufficiency, 
usually of the Raynaud type. palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 


reported in less than 1 of 100 patients. See Warn- 
. ings. 


Gastrointestinal: Diarrhea has occurred in about £ 
of 100 patients. Nausea, gastric pain, constipation, 
‘latulence, and heartburn have been reported in 1 c 
100 or less. 


Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
oorted with Lopressor during investicational use 
and foreign marketing experience. 


Potential Adverse Effects: |n addition, a variety of 
adverse effects not listed above have been re- 
oorted with other beta-adrenergic blocking agents, 
and should be ccnsidered potential adverse effect 
of metoprolol. 


Central Nervous System: Reversible mental de- 
oression progressing to catatonia; visual distur- 
Dances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotronal lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 


Miscellaneous: Feversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patents with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 
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In this case, the first reported instance of aortic dissection involving a 
right-sided arch, an anomalous fourth arch vessel, the left subclavian 
artery, arose from a congenital aortic diverticulum. This report emphasizes 
the need for precise anatomic definition with aortography to permit ap- 
propriate therapy when congenital anomalies of the aortic arch are 
complicated by dissecting hematoma. 


Although right-sided aortic arch is not rare, there is little information 
related to acquired disease of the great vessels associated with this 
anomaly. The present case constitutes, to our knowledge, the first re- 
ported instance of aortic dissection involving a right-sided arch. 


Case Report 
Patient Information 


The patient, a 48 year old black woman, was admitted to Parkland Memorial 
Hospital on July 19, 1977 with a complaint of chest pain. Systemic arterial hy- 
pertension had been detected in 1963, and 3 years later the patient had right- 
sided headaches with a paralysis of the right sixth cranial nerve. Cerebral arte- 
riography revealed an aneurysm of the right internal carotid artery within the 
cavernous sinus, but an arch aortogram was not performed. Subsequent ligation 
of the right common carotid artery resulted in residual mild left hemiparesis. 

In May 1974, the patient presented to the emergency room with severe in- 
terscapular back pain. Roentgenograms of the chest revealed a widened medi- 
astinum. Although it was recognized that the patient had a right-sided aortic 
arch, an aortogram was performed in a “standard” left anterior oblique projec- 
tion; no evidence of a dissection was noted, and the pain was ascribed to “mus- 
culoskeletal” causes. 

During follow-up in the outpatient clinic, her blood pressures ranged from 
160/120 to 140/80 mm Hg. In July 1976, she experienced dysphagia for solid 
foods; a barium swallow demonstrated posterior compression of the esophagus 
by what was thought to be a large aortic diverticulum. A year later she was 
awakened with a “gripping” pain between the scapulae. The next day the pain 
was episodic and “crushing” in quality but the patient continued to work. She 
experienced no dyspnea, hemoptysis, edema or orthopnea. She did not seek 
medical attention until the following day when she was seen for a routine pelvic 
examination. She was then hospitalized. 

On physical examination, the patient was thin and well developed (weight 
51 kg) without any of the stigmata of Marfan’s syndrome, and in no distress. 
Blood pressures (mm Hg) were: right arm 160/94, left arm 166/74, right leg 150/96 
and left leg 150/110. Pulse rate was 72/min and respirations 16/min. There was 
a Marcus-Gunn pupil noted on the right. Funduscopic examination revealed 
arteriovenous crossing defects without hemorrhage, exudates or papilledema. 
The right carotid pulse was absent. The chest was clear to auscultation and 
percussion. Cardiac examination revealed the point of maximal impulse to be 
in the mid clavicular line in the sixth intercostal space. An ectopic impulse was 
palpated in the third right intercostal space. No pulsation of the sternoclavicular 
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joints was noted. The first heart sound was normal and the 
second heart sound split physiologically with inspiration. 
There was a fourth heart sound and an aortic ejection click. 
A grade 2/6 systolic ejection murmur was noted in the right 
second intercostal space and a 1/6 diastolic decrescendo 
murmur heard best at the apex. Peripheral pulses were intact 
and equal. 

Roentgenogram of the chest (Fig. 1) demonstrated a tor- 
tuous right-sided aortic arch and a widened mediastinum with 
no change from the 1974 roentgenogram. Electrocardiogram 
demonstrated nonspecific S-T and T wave changes. Labora- 
tory studies were normal except for a prolonged prothrombin 
time of 13.5 seconds with a control time of 11.0 seconds. Re- 
sults of the Venereal Disease Research Laboratory test were 
negative. 


Treatment 


Pharmacologic therapy, intravenously and orally, was in- 
itiated with reserpine and propranolol according to the rec- 
ommendation of Wheat.! Systemic arterial pressure was 
maintained at 100/50 mm Hg; perfusion of the vital organs was 
well preserved. The day after admission an arch aortogram 
was performed (Fig. 2). This demonstrated that four vessels 
originated from the arch in the following order: a left common 
carotid, a right common carotid, a right subclavian and an 
aberrant left subclavian artery; the latter arose from an aortic 
diverticulum and coursed posterior to the esophagus. An aortic 
dissection appeared to involve the aortic diverticulum and 
right subclavian artery. The latter vessel did not clearly 
opacify with an aortic root injection but was defined with a 
selective subclavian injection during cineangiography. The 
dissection compressed the true lumen of the descending aorta, 
and opacification of the false lumen was noted. Opacification 
of the false channel is known to be associated with a relatively 
poor survival with medical therapy.” 

Surgical therapy was therefore recommended and an op- 
eration was performed the same day. A right posterolateral 
thoracotomy adequately exposed the arch and descending 
aorta. Exploration of the aorta revealed a dissecting aneurysm 
that extended from the level of the right subclavian artery 








FIGURE 1. Chest roentgenograms, 
posteroanterior (left) and lateral 
(right) views, taken at the time of 
the patient's last admission. A tor- 
tuous, aneurysmally dilated right 
aortic arch is present. A surgical 
clip, present in the apical region of 
the right lung field, was placed 
during a previous operation and 
occludes the right common carotid 
artery. 


distally into the descending thoracic aorta. The lumen of the 
descending portion was compressed to a 1 cm diameter by the 
dissection. The false lumen in this region was filled with old 
gelatinous material. With the patient on partial cardiopul- 
monary bypass from the right femoral vein to the right femoral 
artery, a 26 mm Cooley woven Dacron® graft was inserted 
between the origin of the subclavian artery and the descending 
aorta. The diverticulum, which formed the origin of the left 
subclavian artery, could not be attached to the graft and was 
therefore ligated. The patient remained comatose and are- 
flexic after operation and died 3 days later. 


Autopsy Findings 


Gross examination revealed a right-sided aortic arch with 
the descending aorta lying to the right of the spine (Fig. 3). 
Arising from the aortic arch (proximal to distal) were the left 
common carotid artery, the right common carotid artery, the 
right subclavian artery and a retroesophageal left subclavian 
artery arising from an aortic diverticulum. A left ligamentum 
arteriosum connected the aortic diverticulum and pulmonary 
trunk, thereby completing a vascular ring. The right common 
carotid artery had a metal clip attached at the site of the old 
surgical occlusion. Old dissection extended from the region 
of the aortic diverticulum distally to the renal arteries. The 
aortic diverticulum clearly represented a congenital and not 
an acquired anomaly that was only partially involved by the 
dissection. The old dissection connected proximally with an 
area of recent disseetion extending into the right subclavian 
artery. The false lumen in the area of recent dissection was 
filled with hematoma. The old dissection had two false lumens 
lined by thickened neointimal tissue; one of these lumens was 
filled with old thrombus. The surgical graft extended from the 
region of the aortic diverticulum and was anastomosed to the 
descending aorta. 

On microscopic examination Erdheim’s cystic medione- 
crosis of a severe degree was found in the ascending aorta and 
in the great vessels. The aortic valve had three cusps but the 
posterior and left cusps were fused, probably as a result of 
healed degenerative endocardiosis (nonbacterial thrombotic 
endocarditis), producing a bicuspid valve. The heart weighed 
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FIGURE 2. Left anterior oblique 
(left) and right anterior oblique 
(right) projections of an arch aor- 
togram taken the day after admis- 
sion. Branches of the right-sided 
aortic arch from proximal to distal 
include the “stump” of the previ- 
ously occluded right common ca- 
rotid artery (RCCA), the left com- 
mon carotid artery (LCCA), the right 
subclavian artery (not visualized on 
arch aortography, but seen with a 
selective injection of the right sub- 
clavian during cineangiography) and 
the left subclavian artery (LSA). The 
latter arises from an aortic diver- 
ticulum (DIV). Note the opacification 
of an aortic aneurysm (A) and of the 
false channel (open arrow). The 
true lumen of the distal aorta is 
compressed by the dissection. 


340 g and manifested both left ventricular hypertrophy and 
dilatation. Massive bilateral cerebral infarcts were present 
with herniation of the cerebellar tonsils. 


Discussion 


Types of right aortic arch: This case constitutes the 
first reported instance of dissection involving a right- 
sided arch. The latter, an uncommon anomaly first 
described in 1763,? is found in approximately 0.1 per- 
cent of the general population. Right-sided arches can 
be classified into two major anatomic types depending 
on the branching characteristics of the great vessels.4 
In the first type three great vessels arise from the aortic 
arch in a mirror image of the normal pattern of 
branching; thus, the left innominate artery arises most 
proximally, followed by the right common carotid and 
then the right subclavian arteries. The aorta descends 
most often to the right of the spine and the ductus ar- 
teriosus most commonly connects the left subclavian 
artery to the left pulmonary artery, although the ductus 
may be right-sided or bilateral. Cyanotic congenital 
heart disease is found in approximately 75 percent of 
the patients with the mirror-image form of right-sided 
arch, most commonly tetralogy of Fallot, truncus arte- 
riosus and tricuspid atresia.5® In patients with a clini- 
cally suspected diagnosis of pulmonary stenosis, the 
presence of a right-sided arch strongly suggests a 
coexistent ventricular septal defect." 

The most common type of right aortic arch is illus- 
trated by our case. In this type four arch vessels branch, 
proximally to distally, in the following order: a left 
common carotid, a right common carotid, a right sub- 
clavian and an aberrant left subclavian artery. The 
latter vessel arises from a conical aortic diverticulum 
and courses posterior to the esophagus to reach the left 
arm (Fig. 3). In contrast to the mirror-image form, in 
this type of right-sided arch, congenital heart disease 
occurs in only 5 to 10 percent of patients. However, 
because the ductus arteriosus usually connects either 
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the aortic diverticulum or the left subclavian artery to 
the left pulmonary artery, a vascular ring is formed. 
Tracheo-esophageal compression may thus occur, 
manifested by noisy respiration, recurrent pulmonary 
infections and dysphagia early in life.? However, three 
fourths of patients are asymptomatic? and do not re- 
quire surgery. Embryologically the proximal portion of 
the left aortic arch forms the left common carotid artery 
and distally persists as an aortic diverticulum, giving 
rise to the left subclavian artery.*.!9 

Associated aortic disease and differential diag- 
nosis: Acquired disease of the aorta does not appear to 
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FIGURE 3. Diagram of the anatomic features found at autopsy. The 
diverticulum and left subclavian artery coursed posterior to the 
esophagus. The ligamentum arteriosum connected the diverticulum 
to the pulmonary trunk and thereby formed a vascular ring. A. — artery; 
L. = left; R. = right. 
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occur with increased frequency in patients with a 
right-sided arch. However, in patients with a left-sided 
arch and an aberrant right subclavian artery, dissections 
are known to occur.!!:!2 In one such case the aortic di- 
verticulum was mistaken for an aortic aneurysm and 
resected, and the patient died 3 months later from a 
ruptured suture line.!? Unnecessary exploratory tho- 
racotomy has been performed when right-sided arches 
have been mistaken for superior mediastinal masses." 
Right-sided arch and aortic diverticuli thus represent 
congenital anomalies that can be confused with ac- 
quired disease processes. 

Diagnosis and treatment of aortic dissection: 
Confusion regarding the anatomy of these congenital 
anomalies may result in the performance of inadequate 
diagnostic studies. In our case the initial performance 
of aortography in a left anterior oblique position re- 


sulted in poor visualization of the arch. On subsequent 
review of these films a diagnosis of aortic dissection 
could not be excluded with confidence. Later at opera- 
tion the aortic diverticulum was thought to be involved 
by the dissection, which necessitated the surgical liga- 
tion of the left subclavian artery. This was particularly 
unfortunate in our case because the right common ca- 
rotid artery had been ligated previously, and the right 
subclavian and vertebral arteries, although patent, were 
compromised by recent dissection. The entire cerebral 
vascular circulation thus became dependent on the left 
common carotid artery. 

Thus, precise definition of the pathoanatomy is es- 
sential before a therapeutic program for aortic dissec- 
tion is begun. If uncertainty exists, repeat aortography 
and the continuation of aggressive medical therapy may 
be the best approach. 
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Fine Structure of Internodal Pathways* 


BRIAN F. HOFFMAN, MD 
New York, New York 


In this issue of the Journal, Sherf and James! provide 
a morphologic description of six different types of cells 
in the canine and the human atrium. The data are de- 
rived from light and electron microscopic studies on 
tissues obtained from the parts of the atrium—the 
Eustachian ridge and Bachmann’s bundle—in which 
earlier studies by James? located the anterior and pos- 
terior internodal tracts. In addition, the authors con- 
sider at some length the possible functional significance 
of each of the different types of cells in relation to nor- 
mal and abnormal electric activity. Their paper is cer- 
tain to provide a new impetus for studies on correlations 
between structure and function in the mammalian 
atrium and to add new enthusiasm to the argument 
about specialized internodal pathways that has been 
waged periodically since 1910. 


Specialization of Atrial Cells 


If, as seems likely, the findings by Sherf and James 
lead to renewed interest in either topic, a serious effort 
should be made to avoid some of the problems that have 
confused the issue over the years. First and foremost, 
it is essential to have clear definitions that are agreed 
upon by all concerned. Atrial cells can be called special 
or specialized if their properties differ significantly from 
those of the cells that constitute the bulk of the atrial 
myocardium. Evidence of specialization might derive 
from studies on ultrastructure, electrophysiology or 
other properties. The morphologic evidence of spe- 
cialization provided by Sherf and James seems to be 
clear and compelling. Also, as they note, the cells they 
studied have a location similar to that described for cells 
or fibers that were specialized in terms of the charac- 
teristics of their transmembrane potentials.?^ It is 
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therefore tempting to assume that one or the other of 
the morphologically specialized cells they describe 
corresponds to the electrophysiologically specialized 
atrial plateau fiber. The authors favor the P cell; others 
might opt for the Purkinje-like cells. There is very likely 
a correlation between structural and functional spe- 
cialization, but additional studies are essential before 
one can relate, with certainty, functional characteristics 
to local differences in structure or ultrastructure. If all 
other properties were the same, fibers with a small 
cross-sectional area might be expected to conduct less 
rapidly than larger fibers. However, if the density of 
channels for the fast inward current were sufficiently 
lower in the large than in the small fibers, the converse 
might be true; at present we do not have methods to 
make the required measurements. Similarly, because 
it generally is accepted that a path of low electric re- 
sistance between cardiac cells is provided by special 
properties of the gap or tight junction, it is often as- 
sumed that some estirgate of the adequacy of intercel- 
lular coupling can be made from measurement of the 
relative density of such junctions. This may not be 
correct. It seems likely that a path of reasonably low 
resistance between cells can be provided by a relatively 
small number of junctional particles in correct apposi- 
tion. What is required to evaluate the question is the 
direct determination of the coupling resistance between 
cells and, for the same cells, appropriate studies on 
freeze-fractured gap junctions using quantitative 
techniques. 


Electric Properties of Atrial Cells 


The studies by Sherf and James present a special 
problem to the electrophysiologist. By means of intra- 
cellular microelectrodes it has been possible to record 
transmembrane potentials with unique characteristics 
from cells in the sinus node, in the transition zone be- 
tween the node and the atrium, in the general region in 
which the internodal tracts have been described, in 
Bachmann's bundle, around the orifice of and within 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or of the American College of Cardiology. 


Auaust 1979 The American Journal of CARDIOLOGY Volume 44 385 


| EDITORIALS 


i 
| 
t 


the coronary sinus, in the transition zone between the 
atrium and the atrioventricular node and in the atrio- 
ventricular valves. It often is assumed that the special 
electric properties somehow are uniquely related to the 
region from which they are recorded. In this regard, it 
is troubling to learn that in a single part of the atrium 
there may be as many as six different cell types, even 
though six different types of transmembrane action 
potentials have not been recorded from the same area. 
There is a clear need for new studies that combine the 
recording of transmembrane potentials, the measure- 
ment of passive electric properties, the marking of cells 
with defined electric characteristics and the subsequent 
study of the ultrastructure of the same cells. Some 
suitable technique such as measurement of the inter- 
cellular diffusion of a marker might be included to 
quantify cell coupling. 


Specialized Atrial Conduction Tracts 


One other problem is crystallized by the demonstra- 
tion that Purkinje-like cells and transitional cells make 
typical junctions with contractile fibers and that long 
rows of Purkinje-like cells are not observed. This is the 
question of the existence of specialized conduction 
tracts in the mammalian atrium. As Sherf and James 
emphasize, the problem is not solved by insisting that 
the criteria established for the His bundle and bundle 
branches be satisfied by all specialized tracts. The 
ventricular conducting system is one special case. 
Specialized tracts in the atria may be another. Unfor- 
tunately, we do not have good models for predicting the 
effect on impulse propagation in the heart of an ad- 
mixture of specialized with nonspecialized cells. It seems 


likely that if appropriate assumptions were made con- 
cerning cell size and the strength of the action current 
generated by each single cell, impulse propagation 
might succeed even if a reasonable proportion of the 
cells in a bundle of fibers were totally inexcitable. It 
seems likely also that an appropriate admixture of cells 
with special properties, such as a more intense fast in- 
ward current, would speed propagation in a bundle 
composed largely of ordinary muscle fibers. This pro- 
posal accepts the fact that propagation will always be 
faster parallel to the fiber bundles than perpendicular 
to them; however, it also accepts the possibility that in 
the presence of specialized cells the impulse moves more 
rapidly than it would in their absence. Once again, 
suitable studies are needed. 


Implications 


Although the paper by Sherf and James! will elicit 
quite different reactions from different readers, clearly 
it is an important communication. It emphasizes how 
often simplifying assumptions are made in order to try 
to explain what we would like to be able to explain, and 
it demonstrates how much we have yet to learn about 
the complex tissue that constitutes the mammalian 
atrium. It clearly identifies some of the new studies that 
are essential before we can come to any general con- 
clusions about where in the atrium arrhythmias may 
arise, what their mechanism may be and where and how 
cell structure influences impulse propagation. Finally, 
we have to face the challenge of the ameboid cell and its 
consistent relation with P cells. The authors’ suggestions 
concerning this complex deserve careful experimental 
evaluation. 
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VALUE OF CORONARY BYPASS SURGERY: 
CONTROVERSIES IN CARDIOLOGY (CONTINUED) 


Hurst et al.! in assessing the value of aortocoronary bypass 
grafting conclude that “compared with modern medical 
therapy, properly performed coronary bypass surgery appears 
to prolong the life of patients who have obstruction of the left 
main coronary artery or triple or double vessel disease." They 
also assert that McIntosh and Garcia? “came to similar con- 
clusions but stated them differently." In our judgment neither 
statement is basically correct and both require clarifica- 
tion. 

In the review by McIntosh and Garcia cited by Hurst et al., 
it was concluded that “despite a low operative mortality and 
rate of graft closure, available data in the literature do not 
indicate that initial symptomatic improvement necessarily 
persists, or that myocardial infarctions, arrhythmias, or 
congestive failure will be prevented, or that life will be pro- 
longed in the vast majority of operated patients." Despite the 
claim of Hurst et al. of similarity, their interpretation of the 
data and recommendations for the use of aortocoronary by- 
pass grafting and those of McIntosh and Garcia are basically 
different. 

Early in our experience in caring for patients with coronary 
artery disease, we appreciated the insight of Beecher.? In 1961 
he wrote that "there is evidence in surgery, as in other fields, 
that the enthusiast gets results which are better than those 
of the skeptic." Furthermore, we agree that “there are data 
to indicate that one can, and surgeons must, test their new 
procedures when value judgments are involved so as to elim- 
inate the effect of bias in their conclusions." There is no reason 
why evaluation of the use of aortocoronary bypass grafting 
should be exempt from such careful scientific scrutiny. 

After reviewing the pertinent published data on a decade 
of experience with aortocoronary bypass grafting, we? con- 
cluded that “there is still much that is unknown about the 
effectiveness of the therapy when compared to nonoperative 
management of coronary artery disease in the individual pa- 
tient." After reviewing essentially the same data, Hurst et al.! 
concluded that it is *unlikely that new prospective random- 
ized studies comparing the effect of coronary bypass surgery 
with medical therapy will be initiated. The problems created 
by the studies in progress have blunted the enthusiasm for 
such an approach. Accordingly, we must make up our minds 
using the data we now have." 

Such a conclusion is disturbing—even if the purpose, as 
stated by Hurst et al., is to avoid type II statistical errors. In 
our judgment, “to make up our mind by using the data that 
we now have" is to imply that all of the necessary answers are 
in. Such opinions, expressed by leaders such as Hurst, tend 
to close the door to further inquiry. Habit takes on the cloak 
of truth. Enormous economic pressures have been and are 
being generated to perpetuate the use of aortocoronary bypass 
grafting. As Braunwald‘ implied, the financial integrity of 
whole medical centers has become dependent on a continued 
flow of patients for aortocoronary bypass grafting. Profes- 
sional careers and the economic security of individuals or in- 
stitutions, or both, may change precipitously depending on 
the criteria applied for the use of aortocoronary bypass 
grafting. One cannot help but wonder if this is not a major 


reason why enthusiasm for further randomized studies has 
been blunted.! 

Lives of countless people with coronary artery disease in this 
and future generations may be dependent on such decisions; 
in addition, the socioeconomic impact on the country can be 
enormous. American medicine and the American public 
cannot tolerate and should not allow decisions of this mag- 
nitude to be based on inadequate and poorly controlled 
data! 

If there is any doubt regarding the importance of premature 
conclusions, one has but to review the history of therapy from 
another dread disease, albeit one that does not contribute to 
sudden death. In 1894 Halstead? described his experience with 
radical mastectomy in the treatment of cancer of the breast 
and recommended its use. Until recently this operation was 
almost universally accepted as the basis for treatment of this 
ultimately fatal condition. However, the effectiveness of the 
procedure in prolonging life has been seriously challenged 83 
years later by the results of a prospective randomized clinical 
trial.6 After an average follow-up of 36 months, this study 
failed to demonstrate an advantage for those patients who 
received the Halstead “conventional” radical surgical proce- 
dure despite other additional therapy. These events not only 
demonstrate the tenacity with which physicians hang on to 
a long accepted habit as a course to follow, but also the fact 
that it is never too late to obtain proper answers about the role 
of a surgical procedure from a prospective randomized clinical 
trial. 

Space will not permit a point by point critique of the Hurst! 
presentation and particularly its conclusions. Six differences 
of opinion or omissions of data will have to suffice. 


Critique of Report 


1. The authors state that “it should not surprise one that 
techniques which improve myocardial perfusion and relieve 
angina pectoris can also prolong life." Such a statement ig- 
nores the experiences of a previous decade with internal 
mammary implantation, endarterectomy, with and without 
carbon dioxide, patch grafting, and other techniques. One of 
the disturbing aspects of the enthusiastic promotion of aor- 
tocoronary bypass grafting in many centers is the failure to 
appreciate that many of today's most ardent supporters of it 
were just as zealous a decade ago about the “virtues” of in- 
ternal mammary artery implantation or bypassing a stenosed 
renal artery for the treatment of hypertension. 

2. The authors’ critique of the four methods used to com- 
pare the long-term effects of aortocoronary bypass grafting 
with medical treatment is particularly disturbing. They give 
credence, despite some reservations, to the use of the series 
by Bruschke et al.’ collected at the Cleveland Clinic in the 
1960s as a control series against which to compare today's 
surgically treated patients. They state that the patients “were 
not operated on because bypass surgery was not available." 
It should be emphasized that these patients were difficult to 
manage patients referred to the Cleveland Clinic in the 1960s; 
as a group these patients constituted the rejects of the surgical 
procedure of the day actively pursued at the Cleveland 
Clinic—internal mammary artery implantation. Because of 
selection for that surgical procedure of a relatively high pro- 
portion of patients with single vessel disease and normal left 
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ventricular function, patients of relatively poor risk, as as- 
sessed with angiography, were left to the medical management 
of the day, then reported on by Bruschke et al.’ and used as 
a medical standard by Hurst et al. and others a decade 
later. 

In discussing the use of the prospective randomized studies 
Hurst et al.! emphasize “the learning curve in bypass surgery.” 
However, this is not the only factor that influences surgical 
mortality. Conley et al.’ in a carefully planned study recently 
showed that surgical mortality declines not so much because 
of improved surgical skill but because of the changing patterns 
of patient selection. 

Finally, Hurst et al. discuss the comparison of the survival 
of surgically treated patients with the survival of the general 
population as reported by life tables. In using such a method 
patients are matched to the general population by age, race, 
and sex and, in the case of the study of Lawrie et al.,? after 
excluding from the general population persons with coronary 
artery disease. The validity of such a comparison is open to 
serious question. If the medical center in which the surgery 
was carried out was private, there would most certainly be a 
disproportion of affluence in the study group compared with 
the population at large. Unlike large segments of the general 
population all of the study patients would be receiving the 
potential benefits of the health care system. Selection of pa- 
tients for aortocoronary bypass grafting frequently excludes 
the obese, the patient with florid tobacco bronchitis!? and 
those with other chronic debilitating and life-threatening 
diseases. In a highly motivated surgical program efforts are 
consciously or unconsciously directed toward control of risk 
factors. Such efforts are rarely fostered in the population at 
large. A highly selected group of surgically treated patients 
may live longer than the population at large, even if the op- 
eration made little or no difference, especially in a changing 
socioeconomic order with the mortality from the disease de- 
clining at an accelerated rate. 

3. Hurst et al apparently discount the conclusions of all 
randomized studies,? except that of the left main coronary 
artery disease, and discount the prospective matched studies 
carried out at Duke Medical Center.!! 'Then they conclude 
that the majority of all studies “show superiority of bypass 
surgery to medical therapy in prolonging life." In our judg- 
ment this is not justified by available fact.? 

4. Hurst et al. state “that coronary bypass surgery not only 
relieves angina pectoris but also improves myocardial perfu- 
sion." This claim is based on a single reference to an abstract!” 
that reports studies of the *hemodynamic exercise response" 
before and after surgery in 39 patients. Thirty-two of this 
group had an abnormal hemodynamic response before sur- 
gery; 21 continued to have an abnormal response after surgery 
and only 11 had a normal response. There is a wealth of data,” 
ignored by Hurst et al., which reports that it is a minority of 
surgically treated patients, not a majority, who experience an 
improvement in myocardial performance postoperatively.” 

5. Hurst et al. imply that long-term graft patency rates of 
well over 80 percent can be expected. A careful assessment of 
the studies reporting long-term graft patency suggests that 
&bout 10 percent of inserted grafts become occluded during 
the immediate operative hospitalization period and another 
10 to 20 percent during the remainder of the 1st year. After 
that there is a continued attrition rate of 2 percent/year.!? By 
5 years after operation possibly one third or more grafts will 
be occluded and one third of the patients will have at least one 
occluded graft. The more optimistic reports by Lawrie et al.!^ 
and Loop et al.!? were based on studies carried out in a non- 
structured manner in a relatively small percent of the total 
number of surgically treated patients.!? In light of the expe- 
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rience of others who have evaluated the long-term graft pat- 
ency in a more systematic way, these reports may not be ac- 
curate estimates. The completeness of the data on which 
Hurst et al. base their own claim of a 90 percent patency rate 
is unknown. To simply look at 20 percent or so of grafts placed 
and base patency claims on such a small sample appears un- 
reliable. It is of interest that Hurst et al. state that they “would 
not recommend surgery . . . [if] 25 percent of the grafts closed." 
In our judgment, there are cogent published data to support 
the view that, in practice, the latter figure is more correct than 
the former. 

6. Finally we are disturbed that at no time do Hurst et al. 
consider the evidence that the natural history of coronary 
artery disease is changing and that the mortality from the 
disease is declining at an accelerated rate. Furthermore, they 
do not consider that because of perioperative infarctions, graft 
occlusions, progression of the disease of the native circulation, 
or deterioration of myocardial performance that the operation 
may actually, in some patients, alter an otherwise favorable 
prognosis. Nor do the authors even allude to the socioeco- 
nomic implications of widespread application of this proce- 
dure. If aortocoronarv bypass grafting were proved unequiv- 
ocally to be effective in postponing premature death, such 
concerns would be of little merit; however, until such data are 
available, economic considerations cannot be ignored. 

As stated at the outset, Hurst et al. were in error in stating 
that McIntosh and Garcia? “came to similar conclusions as 
they, but stated them differently." We also believe that they 
are in error to promote, with unbridled zeal, the use of aorto- 
coronary bypass grafting, when the procedure has not been 
demonstrated convincingly, except in relatively few selected 
subsets of patients, to prevent myocardial infarctions and 
postpone premature death in patients with coronary artery 
disease. 

Now is the time to continue to collect and analyze, in an 
unbiased and unprejudiced manner, the data concerned with 
the proper use of this most important addition to the treat- 
ment of coronary artery disease. If the procedure will prevent 
infarction and postpone premature death it will ultimately 
become overwhelmingly apparent after a decade of experience 
such has not been demonstrated. Hurst et al. will do society 
a great disservice by saying it does, if indeed it does not. 


Henry D. Mcintosh, MD, FACC 
Robert A. Buccino, MD, FACC 
Cardiology Section 

Watson Clinic 

Lakeland, Florida 
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REPLY 


I shall make seven points. 

1. McIntosh and Garcia! wrote the following statements 
regarding the value of bypass surgery in relieving angina 
pectoris. 


Aortocoronary bypass grafting is most effective, if not 
the most effective therapy, for the relief of angina pectoris 
which is refractory to currently available medical man- 
agement. The quality of life of patients with angina pecto- 
ris may be regularly improved. Aortocoronary bypass 
grafting can be of real benefit in the management of such 
patients. 


We agree with McIntosh and Garcia—coronary bypass 
surgery relieves angina pectoris. Our own experience at Emory 
University Hospital indicates that more than 90 percent of 
patients have relief of angina pectoris after this procedure and 
that 60 to 70 percent have complete relief.? The National In- 
stitutes of Health study (randomized) of patients with un- 
stable angina pectoris revealed that 30 percent of the patients 
"crossed over" from the medical group to which they were 
randomly assigned and had surgery because of unacceptable 
angina pectoris despite excellent medical management.? 

2. McIntosh and Garcia ! wrote the following statements 
regarding the prolongation of life with coronary bypass sur- 
gery. 

With the exception of left main coronary artery disease 
and possibly other subsets of patients such as those with 
total occlusion of the right coronary artery and >70 per- 
cent but less than total occlusion of the left anterior de- 
scending coronary artery, there are inadequate data to 
justify the premise that aortocoronary bypass grafting 
prolongs life. The comments regarding the two subsets of 
patients are based on small numbers of patients followed 
by relatively short periods of time. The prudent physi- 
cian, therefore, is advised to maintain an open mind even 
about these conclusions. However, at the present time the 
physician may wish to tell patients with such lesions, who 
are symptomatic, that there is some evidence to suggest 
that their life may be prolonged by aortocoronary bypass 
grafting. 

'The physician should also keep an open mind to the 
possibility that other subsets of patients may be identi- 
fied that can expect to have an increased survival fol- 
lowing aortocoronary bypass grafting. 


We agree with their statement that there is some evidence 
to support the view that life is prolonged in patients with left 
main coronary arterial obstruction‘ and in patients with total 
occlusion of the right coronary artery and greater than 70 
percent but less than total conclusion of the left anterior de- 
scending artery.? This is, of course, one of the subsets of double 
vessel disease. I also believe that patients with total obstruc- 
tion of the right coronary artery, greater than 70 percent ob- 
struction of the circumflex coronary artery, and greater than 
70 percent but less than total occlusion of the left anterior 
descending artery will also have their lives prolonged with 
coronary bypass surgery. Surely this type of triple vessel dis- 
ease is worse than double vessel disease. The exceptions (those 
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that may have their lives prolonged by bypass surgery) in- 
cluding the *such as" group mentioned by McIntosh and 
Garcia make up a large group of patients. In fact, most of the 
patients operated on at Emory University Hospital fall into 
such a group. I have followed the suggestion of McIntosh and 
Garcia! and have told my patients who are symptomatic with 
such lesions that there is “some evidence to suggest that their 
lives may be prolonged by coronary bypass surgery." 

3. We pointed out in our August 1978 article? that there are 
no perfect studies. We elected to look carefully at the results 
of four different methods of study. The results of each method 
of study suggest that coronary bypass surgery not only relieves 
angina pectoris but prolongs life in carefully defined subsets 
of patients. (See article for description of the subsets.)? Some 
persons do not accept studies that are not prospective and 
randomized. To this end, the Veterans Administration's 
prospective randomized study of patients with stable angina 
pectoris shows that patients with left main coronary artery 
obstruction live longer with bypass surgery than patients with 
similar lesions who receive excellent medical management.* 
'The Veterans Administration's prospective randomized study 
of patients with stable angina pectoris also showed an ac- 
ceptable trend in favor of surgery in certain patients with 
triple vessel disease.9 Finally, the Hines Veterans Adminis- 
tration Hospital's prospective randomized study of patients 
with stable angina pectoris showed that when all surgically 
treated patients were grouped together and compared with 
all of the medically treated patients, the surgically treated 
group lived longer than the medically treated group.’ The 

ines Veterans Administration Hospital contributed 20 
percent of the patients that were reported by the Veterans 
Administration Cooperative Study group.’ 

4. I doubt if there will ever be a study that will satisfy ev- 
eryone. Therefore, we must make up our minds using the data 
we have. This is necessary because patients need answers now. 
I simply cannot tell a symptomatic patient with left main 
obstruction, triple vessel disease, double vessel disease with 
total right and greater than 70 percent but less than total 
obstruction of the left anterior descending artery that we must 
wait until a randomized study is devised that will settle the 
issue to everyone's satisfaction. I tell the patient that there 
is a very good chance the procedure will relieve his angina and 
that there is increasing evidence that the procedure will 
prolong his life. A good result will, of course, depend upon the 
proper selection of patients and excellent surgery, anesthesia, 
and intensive care. The overall rate of operative risk at Emory 
University Hospital is about 1 percent. This low rate is 
achieved by many medical centers. 

I do not have a fixed view on this subject and new data may 
be forthcoming. If the new data indicate that I should change 
this approach, I will do so. The views I express are based on 
current data (1978). I don't know what my views will be in the 
years ahead. 

5. We rarely recommend surgery for asymptomatic pa- 
tients. In fact, most of the patients in whom we recommend 
bypass surgery have unstable angina pectoris. We demand 
fewer symptoms in young patients if compelling lesions are 
demonstrated on the coronary arteriogram (see previous 
discussion). We demand more symptoms in older patients (65 
to 70 years or older) before we recommend bypass surgery.? 

6. Coronary bypass surgery increases coronary blood flow. 
No other previous operation has done that. My personal in- 
terest increased considerably when this fact became apparent. 
'The medical treatment and the surgical treatment of coronary 
atherosclerotic heart disease have improved during the last 
decade. Let us hope that we can prevent the disease in the 
future. 
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7. Our article did not include a discussion related to the 
dependence of hospitals and individuals on the procedure in 
order to satisfy some nonmedical or nonscientific goal. We 
simply do not have any data on that subject. In fact, I have 
never seen any data on that subject. I can say that my own 
financial security does not depend on any procedure. The cost 
of bypass surgery and everything else such as legal care, 
houses, food, cars, and so forth is too high. The cost of the 
nonsurgical medical care of coronary patients is also too 
high. 

J. Willis Hurst, MD, FACC 
Department of Medicine 

Emory University School of Medicine 
Atlanta, Georgia 
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IDENTIFICATION OF HIGH RISK SUBSETS OF ACUTE 
MYOCARDIAL INFARCTION 


Weber et al.! indicated that the clinical implication of their 
study was to identify and then direct “an aggressive, goal- 
oriented management program" aimed at controlling infarct 
size and reducing patient morbidity and mortality. I submit 
that an important point has been overlooked in their study 
and, as a result, inappropriate conclusions and recommen- 
dations have been made. Their overall mortality rate of 10 
percent in patients in class I is alarmingly high in comparison 
with the results at my community hospital and in many 
published reports. A recent study involving 1,246 patients with 
acute myocardial infarction? reported a 2.2 percent mortality 
rate in their class I subgroup. The increased sympathetic 
nervous system discharge that undoubtedly occurs in many 
patients as a result of invasive bedside monitoring could 
readily account for the increased heart rate and high values 
for pulmonary capillary wedge pressures that were found in 
the so-called high risk subsets in this study. 

As a clinician, I am indebted to Weber et al. for the contri- 
butions they have made using invasive techniques in studying 
acute myocardial infarction. These studies have significantly 
contributed to an understanding of the hemodynamic alter- 
ations in acute myocardial infarction and have permitted a 
more rational approach to management, particularly in class 
IV patients. However, the recommendation that invasive 
monitoring be used in uncomplicated acute myocardial in- 
farction appears to contribute to a significantly increased 


mortality in a class of patients who fare much better with 
routine cardiac care. 
Primum non nocere! 


Sanford S. Zevon, MD, FACC 
Division of Cardiology 

White Plains Hospital Medical Center 
White Plains, New York 
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REPLY 


Zevon has raised several issues relevant to the overall man- 
agement of patients hitherto considered to have an “uncom- 
plicated" myocardial infarction. The term *uncomplicated" 
evolved from the study of Killip and Kimball! in 1967 and has 
been used to describe those patients without clinical evidence 
of ventricular dysfunction (that is, S gallop or pulmonary 
rales, or both) after an acute myocardial infarction. With the 
advent of hemodynamic monitoring in the coronary care unit, 
inconsistencies between the clinical presentation and hemo- 
dynamic findings became apparent. The pooled data reported 
in our study reflect this experience as do the observations of 
many others cited in our report. For example, left ventricular 
filling pressure in the 81 patients with “uncomplicated” in- 
farction ranged from 3 to 28 mm Hg. In addition, the patients 
who did not survive the infarction had a significantly higher 
left ventricular filling pressure (16 + 9 mm Hg) than their 
counterparts who survived (10 + 5 mm Hg). Thus a high risk 
subset was identified. The institution of an aggressive goal- 
oriented program aimed at controlling and reducing infarct 
size would be most appropriate in these patients with elevated 
left ventricular filling pressure. The potential benefits of 
limiting infarct size and minimizing ventricular dysfunction 
would not only be apparent for the “uncomplicated” (and 
often first) infarction, but may also carry over to subsequent 
coronary events in these patients, many of whom have double 
or triple coronary vessel disease.? Thus, in view of the limited 
reliability of the clinical examination in identifying the level 
of left ventricular filling pressure, the physician must rely on 
the more objective technique of hemodynamic monitoring. 

The mortality rate for the patient with “uncomplicated” 
infarction in our study was 10 percent. This experience of the 
Myocardial Infarction Research Units during the late 1960's 
and early 1970's was similar to that of many others cited in our 
report. In comparison to earlier years, however, the more re- 
cent experience indicates that overall mortality has been re- 
duced.?4 This may be the result of the more aggressive man- 
agement programs, including use cf agents such as propranolol 
and nitrates, the impact of community education programs 
and the increasing role of paramedics in the prehospital care 
of these patients. In this connection however, the study of 
Mirowski et al.,* which Zevon quotes in support of his rec- 
ommended policy of primum non nocere, is somewhat mis- 
leading. In that study patients were classified according to the 
Killip criteria “based on the worse clinical status (attained) 
during the entire hospitalization rather than on admission 
findings" as was the case in our report. 

Finally, we take strong exception to Zevon's suggestion that 
hemodynamic monitoring with the flotation catheter ad- 
versely affects hospital course and patient survival, particu- 
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larly in the patient with uncomplicated infarction. During the 
past 5 years, at a time when the mortality rate after acute 
myocardial infarction has been declining, the role of hemo- 
dynamic monitoring has gained wide acceptance. Our expe- 
rience does not indicate that the biomedical instrumentation 
itself is responsible for the accelerated heart rate or less fa- 
vorable prognosis of some patients. Rather, as Peel et al.5 
emphasized many years ago, the persistence of sinus tachy- 
cardia after infarction forebodes a compromise in ventricular 
function and a corresponding poor prognosis. We have merely 
confirmed this finding and perhaps provided additional in- 
formation with which to assess the severity of ventricular 
dysfunction by pointing out the importance of left ventricular 
filling pressure. It is this compromised, high risk patient who 
can best be identified hemodynamically. 


Karl T. Weber, MD, FACC 

Joseph S. Janicki, PhD 

Richard O. Russell, MD, FACC 

Charles E. Rackley, MD, FACC 

Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 
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REBUTTAL 


Weber's reply fails to address the issue, which is the negligible 
mortality in class I patients managed noninvasively and the 
10 percent mortality rate reported in his study of class I pa- 
tients managed invasively. 'This highly significant difference 
in mortality still remains to be explained, and the basis for 
Weber's “strong exception" to the possibility that biomedical 
instrumentation itself might be responsible remains to be 
clarified. 

Is it not possible that the excessive mortality may be a result 
of the invasive monitoring itself? Although the insertion of 
a Swan-Ganz catheter is a relatively simple procedure, it is not 
devoid of complications. In addition, the frequent checks and 
measurements required by cardiac care unit personnel using 
this procedure may be a cause for anxiety in some patients, 
resulting in increased sympathetic nervous system activity. 
This cannot be casually dismissed as totally innocuous. 

Weber claims that he is identifying a high risk subset of 
class I patients. I maintain that it is just as likely that he is 
creating a high risk subset of class I patients and, on the basis 
of his data, there is certainly no justification for recom- 
mending invasive monitoring in patients with clinically un- 
complicated acute myocardial infarction. 


Sanford S. Zevon, MD, FACC 


MYOCARDIAL BRIDGING OF CORONARY ARTERY 


aruqui et al.! presented two cases of myocardial bridging 
f the left anterior descending coronary artery. In their first 
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case, Figure 2B, which was described as showing a normal mid 
left anterior descending artery during diastole, has a signifi- 
cant narrowing of at least 50 percent in diameter and 75 per- 
cent in cross-sectional area in the segment denoted by the 
arrows, indicative of significant atherosclerotic obstruction. 
Although a still print from a cinearteriogram sometimes 

fails to reproduce the true appearance of the coronary artery, 
the frame the authors chose in this case certainly was not 
representative of a normal vessel during diastole. Perhaps the 
authors wish to review the cinecoronary arteriogram of their 
first patient to see if a frame showing a normal mid left ante- 
rior descending artery during diastole could actually be 
identified. The authors' observation that the left anterior 
descending coronary artery felt stiff at operation would fur- 
ther suggest that the vessel was indeed not normal. 

Tsung O. Cheng, MD, FACC 

Division of Cardiology 

Department of Medicine 

George Washington University 

Medical Center 

Washington, D. C. 
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The angiogram in question was reviewed by several of the 
authors prior to publication. If the area under consideration 
is compared with the proximal anterior descending artery, the 
caliber is smaller. However, several branches including a large 
diagonal and a large septal perforator branch are given off 
before the area of bridging begins. Keeping this in mind and 
having the benefit of reviewing the vessel in motion rather 
than in a still frame, we still believe that there is no significant 
luminal obstruction present in diastole. 

Azhar M. A. Faruqui, MD, FACC 

National Institute of Cardiovascular Diseases 

Karachi, Pakistan 


DISOPYRAMIDE-INDUCED SYNCOPE 


In their excellent review article on new antiarrhythmic agents 
Zipes and Troup! state that marked Q-T prolongation and 
syncope resulting from ventricular tachyarrhythmias have not 
been reported with disopyramide when administered at usual 
maintenance doses despite the drug's electrophysiologic 
similarities to quinidine. They made reference, however, to 
a patient with a history of quinidine syncope who manifested 
a prolonged Q-T interval and ventricular fibrillation while 
receiving 300 mg of disopyramide every 6 hours. 

We recently saw a patient with normal hepatic and renal 
function in whom marked Q-T prolongation and syncope 
developed secondary to ventricular tachycardia while she was 
receiving quinidine. She subsequently had an identical com- 
plication while receiving only 100 mg of disopyramide every 
6 hours. The initial Q- Tc interval of 0.42 second increased to 
0.65 second with disopyramide administration. It had previ- 
ously increased to 0.62 second when she was receiving quini- 
dine. A somewhat similar case of a patient who manifested a 
Q- Tc interval of 0.44 second and recurrent ventricular fi- 
brillation while receiving 150 mg of disopyramide every 6 
hours was reported by Frieden.? 
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These two cases illustrate that Q-T prolongation and 
drug-induced ventricular tachyarrhythmias secondary to 
disopyramide can occur even at relatively low maintenance 
doses. 

Terry B. Tri, MD 

Cardiology Service 

Department of Medicine 
Letterman Army Medical Center 
Presidio of San Francisco 
California 
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It is distressing to think that disopyramide may produce 
syncope in a manner similar to quinidine. In addition to this 
potential complication. scattered anecdotal unpublished 
observations suggest that disopyramide’s negative inotropic 
effects may exceed those of quinidine or procainamide. We 
recently had a patient with coronary artery disease who 
manifested significant hypotension while receiving disopy- 
ramide, but not while receiving quinidine or procainamide. 
As with most new therapies, wider clinical experience will 
define more sharply, the risk-benefit ratio of disopyramide. 

Douglas P. Zipes, MD, FACC 

Division of Cardiology 

Department of Medicine 

Indiana University School of Medicine 

Indianapolis, Indiana 


SUBLINGUAL ISOSORBIDE DINITRATE FOR 
TREATMENT OF ACUTE PULMONARY EDEMA 


Bussman et al.! describe the use of sublingual nitroglycerin 
in the management of acute pulmonary edema. We previously 
reported?’ similarly beneficial effects using isosorbide dini- 
trate instead of nitroglycerin in acute and subacute pulmonary 
edema. We believe that the longer duration of action of iso- 
sorbide dinitrate^^ makes is preferable to nitroglycerin in that 
condition. 

Isosorbide dinitrate, 10 mg, was administered sublingually 
to seven patients with acute pulmonary edema without si- 
multaneous administration of morphine, digitalis or diuretic 
agents. Complete relief of the acute dyspnea was observed 20 
to 30 minutes later in five of seven patients. Two patients with 
severe basal tachycardia (120 and 160 beats/min, respectively) 
failed to show improvement. Blood gas analysis showed im- 
provement in three patients. Cardiac catheterization per- 
formed in 3 patients with severe pulmonary edema, 5 patients 
with refractory heart failure and 10 patients with subacute 
pulmonary edema revealed a decrease in pulmonary capillary 
wedge pressure and an increase in cardiac index associated 
with a fall in systemic vascular resistance. 

We believe that sublingual isosorbide dinitrate may be used 
as a first step in the emergency treatment of acute pulmonary 
edema, but in our intensive coronary care unit we are now 
using intravenous nitroglycerin® or intravenous isosorbide 
dinitrate in that condition because of the possibility of a more 
precise dosage. We are convinced that sublingual nitrates may 
indeed replace tourniquets or phlebotomy to induce a 
*pharmacologic phlebetomy." We have demonstrated with 
radioisotopic methods that sublingual isosorbide dinitrate 
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induces a 385 ml decrease in central blood volume that can 
certainly be beneficial in acute pulmonary edema. 


P. Chiche, MD 

S. Baligadoo, MD 

Service de Cardiologie et 

Urgence Circulationes 

Assistance Publique, Hópitaux de Paris 
Paris, France 
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Preliminary results of our study were published in 1974.! The 
recent study included 22 patients with severe pulmonary 
edema. In seven patients hemodynamic status was monitored 
with measurement of pulmonary arterial pressure and cardiac 
output. Pulmonary edema was severe, as demonstrated by a 
mean left ventricular filling pressure of 33 mm Hg before 
treatment. In the study of Chiche and Baligadoo (their Ref 
2), mean pulmonary capillary wedge pressure was elevated to 
only 24 mm Hg as measured in three patients. 

Pharmacologically, both nitroglycerin and isosorbide di- 
nitrate should have about the same effect on venous pooling 
and therefore beneficial effects in acute pulmonary edema. 
Sublingual nitroglycerin in alcohol solution seems to act more 
rapidly than sublingual isosorbide dinitrate as a tablet. He- 
modynamically the maximal effect of nitroglycerin is reached 
within 3 to 5 minutes. The dose of isosorbide dinitrate may 
be increased to 30 mg to get an effect comparable with that 
of nitroglycerin.? 

We believe that sublingual nitroglycerin is the drug of 
choice in emergency treatment of pulmonary edema because 
of its rapid action. There is no need for an intravenous prep- 
aration. This drug is now widely used inside the hospital and 
in coronary care mobile units and in home treatment. After 
repeated administration of sublingual nitroglycerin leading 
to clinical improvement, pulmonary edema rarely recurs. 
When the emergency situation is effectively treated with 
sublingual nitroglycerin, intravenous nitroglycerin may be 
used in the clinical setting and for persistent left ventricular 
failure. A reduction of central blood volume of 385 ml reported 
by Chiche and Baligadoo is an important result indicating the 
drug's action as an “internal phlebotomy.” 


Wolf-Dirk Bussman, MD 
Department of Cardiology 
Center of Internal Medicine 
Frankfurt, West Germany 
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ATRIAL EFFECTIVE REFRACTORY PERIOD AFTER 
MUSTARD OPERATION 


Saalouke, et al.! incorrectly concluded that a prolonged atrial 
effective refractory period suggested “damage to the inter- 
nodal tracts.” The atrial refractory period is a measurement 
of the refractory period of atrial muscle near the catheter tip 
rather than a measurement of conduction between two points 
in the atrium. The measurement that reflects conduction 
through the atrium is the high right atrial to low right atrial 
interval. In our experience this interval was normal in 43 of 
44 patients studied after the Mustard operation, whereas, the 
corrected sinusnodal recovery time was prolonged in 30 of 42 
such patients, indicating that the cause of the arrhythmia is 
within the sinoatrial node. The actual presence of internodal 
tracts has yet to be proved. 

Modification of the operation to avoid the alleged inter- 
nodal fibers avoids the real problem of damage to the sino- 
atrial node. 


Paul C. Gillette, MD, FACC 
Section of Pediatric Cardiology 
Texas Children’s Hospital 
Houston, Texas 
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Gillette indicates that measurements of the refractory period 
of atrial muscle must be made near a catheter tip rather than 
between two points in the atrium. The atrial effective re- 
fractory period conventionally is defined as the longest in- 
terstimulus interval resulting in a nonconducted second atrial 
stimulus and conventionally is measured using electrodes in 
addition to the pacing electrode. It is well known that this 
method does not allow for absolutely precise measurements. 
The electrodes are separated by a variable distance, and 
critical factors such as the distance between pacing and re- 
cording sites, the proximity of the recording electrode to the 
right atrial wall, the constant stability of the recording site 
(recording site floating freely in right atrial body and poten- 
tially moving in more than one direction) and the utilization 
of the blood as a conductor represent real, uncontrollable as- 
pects of the technique and are therefore constant sources of 
error in human physiologic studies. If the traditional clinical 
electrophysiologic procedures are used, these limitations are 
accepted and included in the assessment of all research pro- 
cedures of this type including atrial effective refractory period 
and high right atrial-low right atrial interval determina- 
tion. 

The comment that, “the measurement that reflects con- 
duction time is the high right atrial to low right atrial interval" 
deserves further discussion. If the high right atrial to low right 
atrial interval is used to evaluate atrial conduction, it is rea- 
sonable to postulate that a similar methodologic approach 
could be used to measure the refractory period since a pro- 
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longed intraatrial conduction time most likely will result in 
a prolonged atrial refractory period and vice versa. The 
methodology used in our study—namely, pacing in the high 
atrial level and recording in the low atrial position—meets the 
requirements indicated by Gillette. Thus, it does not appear 
to us that we have major methodologic discrepancies. One 
may, on the other hand, argue that normal intraatrial con- 
duction time determined by the high right atrial to low atrial 
interval is not necessarily a reflection of normal conduction 
properties because of the uncontrollable variables mentioned. 
Further, intraatrial conduction measured with the high atrial 
to low right atrial interval is a static measurement, whereas 
measurement of refractory periods during pacing is a dynamic 
assessment of conduction under variable “stress conditions.” 
Hence, many investigators believe that the atrial refractory 
period determined with the two catheter extrastimulus 
technique is a more reliable means for determination of in- 
traatrial conduction pathways. This concept has been applied 
extensively in electrophysiologic research in the evaluation 
of conduction abnormalities. 

In reference to “actual presence of internodal tracts has yet 
to be proved," the body of literature discussing the pres- 
ence,! the physiologic implications and the correlation with 
electrocardiographic observations in normal and diseased 
states are ample to allow us to use this concept. Indeed, Wittig 
and Stark,” in their extensive intraoperative mapping studies 
of 38 patients with transposition of the great vessels, found 
muscle bundles that are isolated from the surrounding atrial 
muscle and that are capable of conducting an impulse two to 
three times faster than other areas of atrial tissue. 

Our conclusion that interruption of internodal tracts or 
"faster muscle bundles" during atrial septectomy and baffle 
placement may compromise atrioventricular nodal activation 
and facilitate atrial reentery and junctional escape rhythm 
is supported by the findings of Wittig and Stark. We clearly 
stated in our conclusion that diseased sinus node and inter- 
rupted atrial pathways are involved in the genesis of ar- 
rhythmias after Mustard's operation. It would be naive to 
conclude, on the basis of published evidence, that a damaged 
sinus node is the etiologic factor of all postoperative ar- 
rhythmias. Indeed, preservation of the sinus node is a common 
practice in modern pediatric cardiovascular centers, but this 
by itself does not eliminate all postoperative arrhythmias in 
patients with transposition of the great vessels. 


Michael G. Saalouke, MD 
Jorge Rios, MD 

Lowell W. Perry, MD, FACC 
Stephen R. Shapiro, MD 
Lewis P. Scott, MD, FACC 
Children's Hospital 

National Medical Center 
Washington, D.C. 
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PRESIDENT’S PAGE: 


How to Persuade the U.S. Congress to Appropriate More 
Money for Heart Research 





Borys Surawicz, MD, FACC 


At the end of April, the United States 
House of Representatives Subcommittee 
on Labor, Health, Education and Welfare 
of the Committee on Appropriations, 
chaired by Rep. W. Natcher (D., Ky.), was 
in public session to hear the statements 
from the constituency interested in com- 
menting on appropriate portions of the 
President’s budget. As has been cus- 
tomary in the past, the President of the 
American College of Cardiology was in- 
vited to testify on behalf of the FY 1980 
Health Appropriations for the National 
Heart, Lung, and Blood Institute (NHLBI). 
The current NHLBI budget is about $506 
million approximately half of that of the 
National Cancer Institute. President Car- 
ter's budget for 1980 proposed to hold the 
NHLBI at the 1979 level. Excluding the 
mandatory expenditures for Lung and 
Blood programs, about $354 million re- 
main for Heart and Cardiovascular re- 
search. Most of this money has already 
been committed to various on-going 
programs, allowing little funding of new 
meritorious research programs. The 
College recommends an increase in the 
Heart and Vascular program budget of 


about $38 million to fund a greater fraction 
of the worthwhile projects approved by 
the Advisory Council of the NHLBI. 

Arriving on a warm morning in Wash- 
ington, whose spring decor included a 
profusion of flowering shrubbery and tu- 
lips on Capitol Hill, | clutched 25 copies of 
my prepared statement, getting ready to 
make “ʻan impact" on our legislators. A bit 
disappointing was the discovery that | 
could speak for only 10 minutes, an un- 
derstandable limitation considering the 
number of witnesses eager to present 
their views on various portions of the 
proposed budget. Ten minutes, | consoled 
myself, should be enough, after all, to 
develop a good argument. The text of my 
oral presentation (the submitted written 
one was longer, more technical, precise 
and specific) was as follows: 

"The American College of Cardiology 
appreciates the opportunity to appear 
before this Committee to express our 
views concerning appropriations for fiscal 
year 1980 for the National Heart, Lung, 
and Blood Institute. 

When | recommend spending more 
money, | must justify it to myself as a 
concerned taxpayer and a citizen cogni- 
zant of the enormous problems caused by 
inflation, deficit budgeting and the com- 
petition for the wisest investment of the 
tax dollar. In this case | have no hesitation 
over my conviction that the investment we 
are proposing is eminently sound, nec- 
essary, prudent and promising a generous 
return to us and to future generations. | am 
promoting a product that is unique in im- 
portance to our health and to the future of 
our society. 

What are our goals in the area of 
health? We have never defined them ac- 
curately because we do not know pre- 
cisely how far we can push the frontiers 
of life expectancy and how much we can 
retard the senility of the mind and body. 
We know that we are not immortal; we 
suspect that there are well defined bio- 
logic limits to the life span and the integrity 


of the organism. But within these 
boundaries we would like to be in control 
of our fate. A brief glance at the history of 
mankind illustrates that humanity has 
made phenomenal strides toward this 
goal. In the past, our struggle was directed 
against other living organisms that were 
multiplying at the cost of our bodies. The 
enemy was not visible then. It was nec- 
essary to develop the microscope to see 
bacteria and the electron microscope to 
see viruses: When they became visible, 
when their structure, metabolism, life 
cycle and natural defenses were identi- 
fied, the scientist was able to eradicate 
the parasites within our bodies and extend 
the human life span from 20 or 30 years 
to 70 or 80 years, all within half a cen- 
tury. 

Where do we stand now? And what are 
the enemies to be destroyed? First, we 
must acknowledge that, although the av- 
erage life expectancy is a useful index, it 
is not the key factor in our problem. We 
are averaging the lives of those who die 
gently and inevitably in their sleep at the 
age of 90 with those of my colleagues and 
yours who die in their 40's, 50's and 60's 
while working at a desk, taking a shower, 
driving a car or jogging on the street. 
These deaths cause an entirely different 
reaction because they remove people in 
the midst of their most productive periods. 
Each year we lose many hundreds of 
thousands in these age groups (mostly 
men but also women) because of a phe- 
nomenon called sudden cardiac death, an 
apparent short circuit of the electrical 
ignition system of our heart pump. Not 
everyone with coronary artery disease 
dies suddenly. We have another problem 
of prolonged illness and disability due to 
angina pectoris, myocardial infarction and 
congestive heart failure, which affect 
hundreds of thousands of new victims 
each year, many in the prime of life. We 
know that the heart pump itself is de- 
signed for a very long life; at fault are the 
blood vessels. When they become ob- 
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structed, blood flow ceases, causing heart 
attack or stroke, another lethal or crippling 
vascular disease. 

These facts are, of course, well known; 
what is not as well known is that these 
events are not inevitable. When people 
marched in solemn processions praying 
to ward off the medieval plague, their 
problem was not knowing that the cause 
was the bacillus pestis; nor did they guess 
that this organism could be destroyed by 
a few grams of an antibiotic drug. In our 
times, cardiovascular and cerebrovas- 
cular disease are the equivalents of the 
medieval plague. They pull from our 
ranks, seemingly at random, our relatives, 
friends, colleagues and leaders. | must 
repeat that they are not inevitable. Some 
civilizations appear to be free of this 
plague. We may say they do not eat and 
live as well, do not travel as comfortably, 
do not sit as much in front of TV sets, but 
this is precisely what we need to know. 
We must be able to tell our people what 
they should or should not do to prevent 
myocardial infarction, stroke and sudden 
cardiac death. 

We understand that something in our 
way of life forms the germs of our de- 
struction. We begin to identify them as 
risk factors—for example, heredity, high 
blood pressure, cigarette smoking, blood 
lipids or lack of exercise. But before we 
can make intelligent recommendations on 
how or how not to live, we need to know 
much more than we know today. We must 
obtain such knowledge through sound 
basic research, solid clinical investigation 
and well designed clinical trials. The Na- 
tional Heart, Lung, and Blood Institute 
supports a remarkably balanced research 
program. Under this program advances in 
basic laboratory research are sifted out 
and molded into working hypotheses, and 
clinical investigation produces facts and 
ideas that then go back to the laboratories 
for testing. The final products, in the form 
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of hypotheses and experimental designs, 
lead first to limited and then to broadened 
Clinical trials, which in turn produce sound 
recommendations for treatment and 
prevention. We firmly believe that the 
most important forms of cardiovascular 
and cerebrovascular disease are pre- 
ventable. We must obtain more knowl- 
edge through more research. 

The NHLBI can be extremely proud of 
its achievements. | believe that we are the 
only country in the western world where 
the mortality rate due to cardiovascular 
disease is declining. Because cardio- 
vascular disease is the leading cause of 
mortality, this decline therefore affects 
total mortality and represents a significant 
achievement. We attribute this primarily 
to the sponsored research and related 
activities. Because this success must 
continue, we are still far from our ultimate 
goal. We should not abandon efforts 
where success has been proven, where 
scientists have good ideas, workable hy- 
potheses and excellent designs for con- 
trolled studies. 

From personal experience and from 
that of my colleagues, | know that the In- 
stitute is both demanding and stingy. ! 
assure you that in most cases it is easier 
to write a book than to prepare a fundable 
research application to NHLBI. Many ap- 
plications are rejected for numerous 
reasons—inadequate support for the hy- 
pothesis, poor experimental design, in- 
sufficient amount of new information to be 
gained, duplication of efforts, wasteful- 
ness, and so forth. They are first peer- 
reviewed by jealous competitors who are 
looking for flaws and inaccuracies; then 
they go to the scrutinizing Council for 
approval and rating in terms of priorities. 
When they are approved it means that the 
research proposal is workable, promising 
and properly budgeted. 

If we do not increase the FY 1980 
budget proposed by the Administration, 


the Institute will be able to fund only 18 
percent of the approved competing new 
and renewal research projects, and will 
not be able to initiate any new contract 
proposals. In the text of my written testi- 
mony, | have listed some of the most im- 
portant and exciting ideas awaiting 
funds. 


Mr. Chairman and distinguished Mem- 
bers of this Subcommittee, on behalf of 
the American College of Cardiology, ! 
wish to express our gratitude for allowing 
us to present our views on this important 
subject. Thank you.” 


As | was leaving the room after the 
Chairman's courteous ''Thank you, doc- 
tor," I could not help wondering about the 
impact of such testimony. The patient 
congressmen are exposed to hundreds of 
similar appeals. The hearings go on from 
the early morning till late evening, with 
occasional interruptions by bells sum- 
moning them to a vote in the plenary 
session. What kind of eloquence and 
persuasion could break the tedium and 
monotony of pleas for more money? This 
is difficult to answer. Trying to rate my 
performance objectively | ranked myself 
below my two predecessors; an eloquent 
spokesman for Cooley’s anemia and two 
charming representatives of student 
nurses. Still, it might have been worth a 
day's absence from work. | have divulged 
my text not as a particularly incisive, 
persuasive or clever statement, but as a 
sample of material to be amplified and 
strengthened by everyone who shares my 
belief that money spent on heart research 
is a good investment for our society. If you 
believe this, tell your legislator with as 
much gusto and persuasion as you can 
muster. 


Borys Surawicz, MD, FACC 
President 
American College of Cardiology 





The following individuals were elected to 
membership in the American College of Car- 
diology on June 4, 1979 in the category indi- 
cated. 


FELLOWSHIP 


BARRETT, Peter A., MB, BS, Sydney, 
Australia 
BHAYANA, Joginder N., MD, Buffalo, NY 


BYRD, Charles L., MD, Miami Beach, FL 
CASTLE, Lon W., MD, Cleveland, OH 
COMBS, Robert L., MD, Madesto, CA 
CONNELLY, Gilbert P., MD, Boston, MA 
CORBETT, Brian N., MD, Winnipeg, Canada 
CORSO, Paul J., MD, Washington, DC 
COTE, Pierre, MD, Montreal, Canada 
CUMMINGS, Peter, MD, Visalia, CA 
DAVISON, Richard, MD, Chicago, IL 
DeMEESTER, Tom R., MD, Chicago, IL 
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DORCHAK, Joseph R., MD, Spartanburg, SC 
ELIASCH, Harald M., MD, Stockholm, 
Sweden 
ELLIS, Robert J., MD, San Francisco, CA 
FERNANDO, Hemal A., MB, BS, Visalia, 
CA 
FINKELSTEIN, Lorne S., MD, Hamilton, 
Canada 
FINKLEA, John L., MD, Montgomery, AL 
FIROR, Whitmer B., MD, Saskatoon, Canada 


GAARDER, Thomas D., MD, Fullerton, CA 
GAMBLE, Robert N., MD, Evanston, IL 
GIWA, Lateef O., MB, BS, Stony Brook, NY 
GLASSMAN, Robert D., MD, Indianapolis, IN 
GOLD, Richard N., MD, Los Angeles, CA 
GOODMAN, Lloyd S., MD, Savannah, GA 
GRIFFIN, John S., MD, Texarkana, TX 
HAGER, W. David, MD, Tucson, AZ 
HAKIMI-NAINI, Mehdi, MD, Detroit, MI 
HARDARSON, Thordur, MD, PhD, Reykjavik, 
Iceland 
HEIBEL, Richard H., MD, Erie, PA 
HIGGINS, Charles B., MD, San Diego, CA 
HUMBERT, Vernon H., Jr., MD, Lexington, 
KY 
KIM, William In Ki, MD, Elk Grove Village, IL 
LESSER, Laurence M., MD, East Point, GA 
LICHTENBERG, Stephen B., MD, 
Poughkeepsie, NY 
LIES, James E., MD, Wichita, KS 
LOPEZ, Leonardo V., MD, Miami, FL 
LOPEZ, Wilberto L., MD, Quezon City, 
Philippines 
MANDAL, Ashis Kumar, MBBS, Los 
Angeles, CA 
MARY -RABINE, Luc, MD, Liege, Belgium 
MASON, James L., MD, St. Petersburg, FL 
MASROOR, Mohammad A., MBBS, 
Savannah, GA 
MATTHEWS, Oliver P., Jr., MD, Portsmouth, 
VA 
McILDUFF, Joseph B., MD, Albany, NY 
MYERS, William O., MD, Marshfield, WI 
NAIR, Rameschandran K., MB, BS, Fort 
Worth, TX 
ORLICK, Arthur E., MD, Buffalo, NY 
PARENT, Gerard T., MD, Wauwatosa, WI 
PATADIA, Bipin C., MB, BS, Pomona, CA 
PEARLMAN, Alan S., MD, Seattle, WA 
PIPKIN, Robert D., MD, Palo Alto, CA 
PLAUTH, William H., Jr., MD, Atlanta, GA 
POOLE, Patrick D., MD, Birmingham, MI 
RADOFF, Alan M., MD, New Haven, CT 
RATAN, Rangson R., MD, Peoria, IL 
RATHOD, Ramesh H., MBBS, Irvine, CA 
REISIG, A. Henry, Jr., MD, Spokane, WA 
RICCIO, Albert H., MD, Smithtown, NY 
RICHARDS, John G., MB, BS, Sydney, 
Australia 
RICHMOND, David R., MB, ChB, Sydney, 
Australia 
RIMMER, Robert H., Jr., MD, Milton, MA 
ROGERS, Richard C., MD, Portland, OR 
ROSKAMM, Helmut, MD; Bad Krozingen, 
West Germany 
RYZOFF, Ronald I., MD, Hewlett Bay Park, 
NY 
SABAWALA, Phiroze B., MBBS, Houston, 
TX 
SCHLOSS, Michael, MD, New York, NY 
SELDON, Mark A., MD, New York, NY 
SINGH, Arun K., MBBS, Providence, RI 


SIQUEIRA-FILHO, Aristarco G., MD, Rio de 
Janeiro, Brazil 

SPITLER, Allen L., MD, Madisonville, KY 

SPIVACK, Nordy S., MD, Garden Grove, CA 

SRIDHARAN, Marandapalli R., MBBS, 
Louisville, KY 

STEVENSON, Roger, Jr., MD, Rockville, MD 

TAEGTMEYER, Heinrich, MD, Oxford, 
England 

THOMASON, Henry C., Jr., MD, Gastonia, 
NC 

TRITEL, Harvey, MD, Fort Myers, FL 

URINA-DAZA, Manuel A., MD, Barranquilla, 
Colombia 

URRUTIA, Hector, MD, San Salvador, El 
Salvador 

WALDMAN, Jon Deane, MD, San Diego, CA 

WALL, Rod A., MD, Johnstown, PA 

WALLACH, Ronald, MD, Armonk, NY 

WARDEN, Herbert E., MD, Morgantown, WV 

WEBER, Michael A., MB, BS, Long Beach, 
CA 

WIGLE, Ernest D., MD, Toronto, Canada 

WILSON, John Newhall, MD, Albuquerque, 
NM 

WRAY, Everett B., Ill, MD, Huntington, WV 

WYNDHAM, Christopher R. C., MBBS, 
Chicago, IL 

YORAN, Chaim, MD, Bronx, NY 

ZAKI, Emil Sadek, MD, Cairo, Egypt 

ZESK, John S., MD, Meriden, CT 

ZORRILLA, Carlos D., MD, Louisville, KY 


ADVANCE TO FELLOWSHIP 


ARANDA, Juan M., MD, San Juan, PR 

BLOCH, Winston N., Jr., MD, Quincy, IL 

DAS GUPTA, Ramanuja, MBBS, Calcutta, 
India 

FETEIH, Nizar M., MD, Riyadh, Saudi Arabia 

FOSTER, Peter Ray, MD, Indianapolis, IN 

GEBUHR, Carl J., MD, Muskegon, MI 

HALPE, Dudley C. E., MBBS, Phoenix, AZ 

HUSAIN, Inayat S., MBBS, Park Ridge, IL 

JAFFE, Jonathan R., MB, ChB, Hollywood, 
FL 

KHAN, Abdul H., MB, BS, Pawtucket, RI 

LOH, Christopher W., MB, BS, Carmarillo, 
CA 

MASELLI-CAMPAGNA, Giuseppe L., MD, 
Bari, Italy 

MEYER, Barry L., MD, Visalia, CA 

MONTERO-CASARRUBIOS, Alfredo, MD, 
Houston, TX 

OH, Winston Min-Chung, MB, BCh, 
Singapore, Singapore 

OWENS, William C., MD, Boise, ID 

PALMERO, Hugo A., MB, PhD, Cordoba, 
Argentina 

PEASE, Howard F., MD, El Paso, TX 

RAY, Michael E., MD, Fairfield, CT 

REES, Allan H., MD, Louisville, KY 

REITMAN, Milton J., MD, Manhasset, NY 
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RICKS, William B., MD, San Jose, CA 
SANTOS, Alvani D., MD, Rochester, NY 
SHORE, Richard T., MD, Milwaukee, WI 
STERN, Alan G., MD, Trenton, NJ 
TAMBE, Alan A., MD, Cleveland, OH 
UTSU, Fumihiko, MD, Kurume, Japan 


ASSOCIATE FELLOWSHIP 


ABNEY, Robert L., Ill, MD, Jackson, MS 
ALI, Abdul, M.B., BS, Houston, TX 
BROWN, Daniel C., MD, Bellingham, WA 
CAVANAUGH, Daniel G., MD, El Paso, TX 
COST, F. Howard, Jr., MD, Martinsburg, WV 
DAS, Dines C., MD, St. Cloud, FL 
EASOW, Babu, MBBS, Travis AFB, CA 
ERNEST, Antony C., MBBS, Lancaster, CA 
GARDBERG, Leonard J., MD, Winter Park, 
FL 
GELBERG, Harris Jay, MD, Santa Barbara, 
CA 
GIEDWOYN, Jerzy O., MD, Portland, OR 
HARPER, John M., MD, Hendersonville, NC 
HOOD, W. Stephen, MD, Hagerstown, MD 
JACOBS, Julian H., MD, Monticello, NY 
JAFFE, Allan S., MD, St. Louis, MO 
KOTHARI, Anil G., MBBS, Browns Mills, NJ 
LARSON, Arthur W., MD, Schenectady, NY 
McGINNIS, Andrew W. H., MD, Stamford, CT 
MOHANTY, Harish, MD, Bombay, India 
NAKORNCHAI, Vimol, MD, Bloomington, IL 
PALLARES, Frank, MD, San Antonio, TX 
PATEL, Bhadresh A., MBBS, Freeport, IL 
PUROHIT, Girish, MB, BCh, South Boston, 
VA 
ROTHMAN, Howard C., MD, Fort Lee, NJ 
SAINATH, Shavkarlingam, MBBS, Fountain 
Valley, CA 
SHRESTHA, Narsingh K., MD, Kathmandu, 
Nepal 
TODD, Jane L., MD, Phoenix, AZ 
VALDES, Mariano, MD, PhD, Valencia, 
Spain 
VAS, Ran, PhD., Los Angeles, CA 
WISTRAN, Daniel C., MD, Lynn, MA 
ZAMARRA, John W., MD, Fullerton, CA 


ADVANCE TO ASSOCIATE FELLOWSHIP 


KAUSHIK, Vidya S., MB, BS, Los Angeles, 
CA 
VUCINIC, Mihailo, MD, Beograd, Yugoslavia 


AFFILIATE 


ATTAR, Mohammed, MD, Houston, TX 

KHAN, M. Qaisar A., MBBS, West Covina, 
CA 

MATSUNO, Masayoshi, MD, Fullerton, CA 

MORANT, Victor A., MD, Cleveland, OH 

PICHLER, Maximilian W., MD, Vienna, 
Austria 

SAHOTA, Harvinder, MBBS, Seal Beach, CA 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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To be Preceptorships in Cardiology. Arthur 
arranged Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 

ally 

To be Preceptorships in Cardiology. Jules 


arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

AUG. Tutorials in the Tetons: Cardiac Emer- 

25-27 gencies (Fifth Annual). Robert S. Eliot, 
FACC and Alan D. Forker, FACC and 
Gerald L. Wolf, co-directors. Jackson 
Lake Lodge, Moran, WY 

SEPT. Electrocardiography: Core Curriculum 

10-13 and Self-Assessment. Paul L. McHenry, 
FACC, director and Charles Fisch, 
FACC, co-director. Hilton Hotel (Down- 
town, Indianapolis), Indianapolis, IN 

Sept. Electrocardiography: Core Curriculum 


10-1 and Self-Assessment. Arthur Selzer, 
FACC, director. Fairmont Hotel, San 
Francisco, CA 


SEPT. Advanced Echocardiography. Harvey 
17-19 Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and 
Arthur E. Weyman, FACC, co-directors. 
Hyatt Regency Hotel, Indianapolis, IN 
OCT. New Concepts in Management of 
11-13 Congestive Heart! Failure. Peter C. 
RAR Arnmet 1Q7Q 
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Gazes, FACC, director and Charles P. 
Summerall, tli, FACC, Grady H. Hendrix, 
FACC, William H. Barnwell, Il, FACC, 
Bruce W. Usher, FACC, J. Lindsay 
Leviner, FACC, Robert G. Irvin and Larry 
E. Kibler, co-directors. Kiawah Island 
Inn, Kiawah Island, Charleston, SC 


OCT. Cardiology Update— 1979. William 

18-20 W. Parmley, FACC. and, Kanu Chatterjee, 
FACC, co-directors. Del Monte Hyatt 
House, Monterey, CA 


OCT. Correlations in Ischemic Heart Dis- 

22-23 ease. Leonard S. Gettes, FACC, direc- 
tor. Carolina Inn, University of North 
Carolina at Chapel Hill School of Medi- 
cine, Chapel Hill, NC 


OCT. New Techniques and Concepts in 
25-27 Cardiology. Coronary Artery Disease: 
Rehabilitation, Surgery, Coronary 
Spasm, Balloon Dilatation: Valvular 
Heart Disease; Hypertrophic Cardio- 
myopathy. Stephen E. Epstein, FACC, 
director. Hyatt Regency Hotel, Wash- 


ington, DC 
NOV. Cardiology for the Consultant: A Clini- 
5-14 cian's Retreat. E. Grey Dimond, FACC 


and James E. Crockett, FACC, co-di- 
rectors. Rancho Santa Fe Inn, Rancho 
Santa Fe, CA 


Unahin AA 


DEC. Coronary, Valvular, Hypertensive and 

2-5 Myocardial Heart Diseases: The 
Multi-disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg 
Lodge, Williamsburg, VA 


DEC. Advances in Heart Disease 1980. Dean 
7-9 T. Mason, FACC, director. Fairmont 
Hotel, San Francisco, CA 


DEC. Cross-Sectional Echocardiography vs. 


12-14 Cardiac Nuclear Imaging. Joel Mor- 
ganroth, FACC, director. Fairmont Hotel, 
Philadelphia, PA 

DEC. Clinical Decisions in Cardiovascular 

14-16 Disease. Henry I. Russek, FACC, director. 


Sheraton Centre. New York, NY 








LEARNING CENTER: PROGRAM CALENDAR 


COLLEGE NEWS 








The American College of Cardiology's newest department, the Learning 
Center, located at the College's Bethesda Maryland headquarters, began 
operations in October 1977 with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 





a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through December 1979, contact 
Program Coordinator, Learning Center, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone 
(301) 897-5400. 
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SEPTEMBER 1979 THROUGH NOVEMBER 1979 
BEEN cnp LC li aprum ecc mL Lau i xp "0 


Month/Dates Course Director 
Sept. 5-7 J. O'Neal Humphries, MD 
Sept. 10-11 Dan G. McNamara, MD 
Sept. 17-19 Louis Lemberg, MD 
Sept. 24-26 Kenneth M. Rosen, MD 
Sept. 27-28 Douglas P. Zipes, MD 
Oct. 8-11 Leonard S. Dreifus, MD 
Oct.15-17 Marvin Moser, MD 

Oct. 29-31 Max Harry Weil, MD 
Nov. 1-3 Barrie Levitt, MD 

Nov. 28-30 William W. Parmley, MD 


Title of Program 


Coronary Care Units: Management of Patients With Acute Myocardial Infarc- 
tion 


Decisions in Clinical Pediatric Cardiology 

CCU Update for Nursing Supervisors 

The Electrophysiologic Basis for Diagnosis and Therapy of Arrhythmia 
Pacing Frontiers: Physiological Pacing and Arrhythmia Control 
Mechanisms and Therapy of Cardiac Arrhythmias 

Hypertension 

Emergency Care of the Critically Ill Patient 

Cardiovascular Therapeutics 


Non-Invasive Cardiovascular Procedure: Principles and Clinical Applications 


29th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Houston, Texas 
Abstracts 
Entries must be postmarked no later than 


Technical Exhibits 
Deadline for requests for space: October 


Scientific Exhibits 
Deadline for requests for space: October 


March 9-13, 1980 


September 17, 1979 


9, 1979 


9, 1979 


Young Investigators' Awards Competition 
Entries must be postmarked no later than November 1, 1979 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, American College 
of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 
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COLLEGE NEWS 


AMERICAN COLLEGE OF CARDIOLOGY 
Announces ... 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the Ccllege, the members are encouraged to apply to the Credentials Committee for status in 
one of the other three membership categories. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 

Advantages to the Affiliate in Training 


1. Subscription to The American Journal of Cardiology, the official journal of the 
College. 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited 
registration. 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of 
the College. 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 
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August 1978 
328 pages 
199 illus. 
$38.00 


ers in 24 Chapters All the Information 
essary for Correct Dermatologic Diagnosis 


Part I: General Principles 

Anatomy of Skin 

Physiological and Chemical Functions of the Skin 
tiology of Dermatoses 

Diagnostic Procedures 

Dermal Histopathology 

ycology 

Allergy 

Dccupational Dermatoses 

Sexually Transmitted Diseases 

Psychosomatic Medicine Applied to Dermatology 
Principles of Therapy 


Part II: Morphologic Dermatology 


Regional Invoivement 

Differential Diagnosis Charts 

acular Eruptions 

apular Eruptions 

esicular Eruptions 

ustular Eruptions 

ruptions Involving the Scalp and Other Hairy Areas 
esions Involving the Mucous Membranes 

weat Gland Lesions 

ail Lesions 

ropical Diseases 

eripheral Vascular Diseases 

ome Syndromes of Dermatologic Significance 
dex 


revision of a classic dermatology 
text... now illustrated in color 


to facilitate accurate diagnosis 


2nd ion 





Clinical 
Dermatology 


for Students and Practitioners 





Joseph W. Burnett, MD 


Professor and Head of Dermatology, 
University of Maryland 


Harry M. Robinson, Jr., MD 


Professor of Dermatology, 
University of Maryland 


The definitive source for the primary care practitioner 
... the indispensible quick reference for the dermatol- 
ogist ... the basic dermatology text for students and 
interns 


This Second Edition has been completely rewritten 
and brought up-to-date with the most modern diagnos- 
tic and therapeutic techniques, yet it retains the em- 
phasis on conciseness that helped make this work such 
a valuable reference. 

The reader will find the many illustrations particu- 
larly helpful. The inclusion of color, new to this edition, 
demonstrates vividly the dermatologic manifestations 
that are frequently a sequel to underlying abnormalities. 
Every physician confronted with a skin problem will 
welcome this reliable quide for diagnosis. 





Yorke Medical Books 
666 Fifth Avenue, P.O. Box 876, New York, N.Y. 10019 


AJC -8/79 


Please send me a copy of CLINICAL DERMATOLOGY for 
Students and Practitioners for 30 days free examination. If | 
decide to keep it, your invoice will be honored ($38.00 plus 
shipping). Otherwise the book will be returned for full credit or 
refund. 


[] Full payment enclosed, publisher absorbs shipping cost 

















[] Charge to my credit card Expire date 
O Master Charge O Visa 
Card No. 
O Send invoice (U.S. and Canada only) 
Name USA PEENCMED TUE, DR ee 
Address y 
CIN LL a SUO BD. 


Countries outside Western Hemisphere: $43.00 prepaid in U.S. funds or credit card. New 
York State residents add applicable sales tax 
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ORDER YOUR COPY NOW FOR 30 DAY FREE TRIAL EXAMINATION 
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Now, 
the truth is out 
in the open 


ATL offers on-line real-time 
hardcopy images with M-mode 
for echocardiography. 








Made possible by unique digital electronics. Making our Mark III an integrated 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
the ATL Digital Scan Converter captures the signal, however weak, and stores 
it into memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
structure. Printed on the same paper. The payoff is a logical integration of 
the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
and report. 

E. Doctor and system interact. Segments of the study may be dealt with and 

æa perfected without disturbing the whole. Adequate data is obtainable during the first 

| patient examination, saving valuable time. Serial studies are assured consistent data. 
raphics or alphanumerics can be super-imposed. Unique with the Mark Ill, voice can be recorded 
during freeze-frame. The study may be taken off line for display or computer processing. 

The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 

rom within. State-of-the-need today, the system will grow with your needs 


and new technology. It's what the world is coming to. And, more and a 


ore, the world is coming to ATL for advanced instrumentation. 
ultrasound 


















Advanced Technology Laboratories. 13208 Northup Way, Bellevue, 
A. 98005 (206) 641-5410. 





... for every professional 


interest in Exercise and the Heart het c s ee 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 

Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 

Jack H. Wilmore, PhD, Professor and Head Dept. & 
of Physical Education & Athletics, Univ. Arizona 

Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. $33.00 


This comprehensive work covers every aspect of exercise and its 
role in Diagnosis, Treatment, and Prevention of cardiac dis- 
ease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 
[] Present status of exercise testing and training in terms of 
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PART I 
CORONARY HEART DISEASE: AN INTRODUCTION 


. EPIDEMIOLOGY OF CORONARY HEART DISEASE 


Nemat ©. Borhani, MD 


CORONARY ARTERY DISEASE. PATHOPHYSIOLOGY AND 


CLINICAL CORRELATIONS 

Ezra A. Amsterdam, MD; Dean T. Mason, MD 
PHYSICAL ACTIVITY AND FATAL HEART ATTACK: 
PROTECTION OR SELECTION? 

Ralph S. Poffenbarger. |r, MD 


PART ll 
PHYSIOLOGICAL ASPECTS OF EXERCISE 


ACUTE AND CHRONIC PHYSIOLOGICAL 
RESPONSES TO EXERCISE 
lack H. Wilmore, PhD 
ADAPTATIONS IN HUMAN SKELETAL MUSCLE 
AS A RESULT OF TRAINING 
Philip D. Gollnick, PhD; Walter L. Sembrowich 
MYOCARDIAL ADAPTATIONS 
TO PHYSICAL CONDITIONING 
Leigh D. Segel. PhD 
EXPERIMENTAL OBSERVATIONS ON THE EFFECTS OF 
PHYSICAL TRAINING UPON INTRINSIC CARDIAC 
PHYSIOLOGY AND BIOCHEMISTRY 
James Scheuer, MD; Somsong Penpargkul. MD; 
Ashok K. Bhan, PhD 
EFFECT OF EXERCISE ON HEMOSTATIC MECHANISMS 
Garrett Lee, MD; Ezra A. Amsterdam. MD; 
Anthony N. DeMaria, MD; Gerald Davis. PhD: 
Teresa LaFave; Dean T. Mason, MD 
CORONARY AND SYSTEMIC CIRCULATORY 
ADAPTATIONS TO EXERCISE 
William A. Neill, MD 


PART Ill 
CORONARY HEART DISEASE DIAGNOSIS: 
METHODOLOGICAL AND INTERPRETIVE ASPECTS 


METHODS OF EXERCISE TESTING: STEP TEST. 
BICYCLE, TREADMILL, ISOMETRICS 
Robert A. Bruce, MD 


physiological bases and clinical applications ER CARNE SLAG OME 
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Proven Consistent Reduction of Elevated Blood Pressure... 
Once-a-Day Dosage" 


New ‘Selacryn’ gives your patient the benefits of known, dependable anti- 
hypertensive activity. Clinical experience in more than 500 hypertensive 
patients proves that 'Selacryn' provides all the antihypertensive effect you 
expect from a diuretic. Double-blind studies establish that Selacryn pro- 
vides an antihypertensive effect equal to that of hydrochlorothiazide, and 
that ‘Selacryn’ exerts its antihypertensive effect when administered once a 
day. For patients not responding to 250 mg. once daily, dosage may be 
increased to 500 mg. once daily or 250 mg. administered twice daily. 
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These charts present results from a six-month multi-center double-blind studv involving 71 hypertensive patients 
receiving 'Selacryn' (250 or 500 mg./day) and 72 hypertensive patients receiving hydrochlorothiazide (50 or 100 
mg./day). Active medication was preceded by a one-week drug-free period and two or three weeks on placebo. 
Differences between the two medications in antihypertensive effect were not statistically significant. ' 
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Thorough testing, in every phase of research, has established both the 
efficacy and safety of ‘Selacryn’. 'Selacryn' has been administered in 
clinical studies to more than 500 patients with hypertension and 114 
with congestive cardiac failure. More than one hundred of these patients 
have been treated with 'Selacryn' for 12-36 months. 


Reduce Dosage of Concomitant Oral Anticoagulants 


‘Selacryn’ potentiates oral anticoagulants; use caution when using these 
drugs together. In such patients, reduce the oral anticoagulant to one- 
quarter or one-half the maintenance dose, monitor prothrombin time 
through titration until stabilized. 


Maintain Adequate Fluid Intake with Initial Doses of Selacryn? 
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For patients switched to Selacryn' from other diuretics, and for dehy- 

drated patients, hydration is recommended for three days before and 

three days after starting Selacryn', as well as discontinuation of the 

diuretic for three days in hypertensive patients and for one to two days 

where feasible in patients with congestive cardiac failure. Since initial 

doses of Selacryn' produce diuresis as well as uricosuria, urinary uric 

acid concentration does not increase in well-hydrated patients who can 

increase urine flow. 


Potassium Supplements Are Usually Not Necessary 


Selacryn is similar in kaliuretic effect to hydrochlorothiazide, 

and potassium supplementation may be advisable in some patients. 
All patients receiving diuretic therapy should be observed for 
clinical signs of fluid or electrolyte imbalance. 


Some patients who received 'Selacryn' and triamterene have shown 
marked elevation of BUN and creatinine. Therefore, such a combination 
is not recommended. 
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Lowers Blood Pressure 


Before prescribing, see complete prescribing information in SK&F 
literature. The following is a brief summary. 


Indications: Hypertension, with or without elevated uric acid levels. Salt 
and water retention states associated with congestive cardiac failure. 


Contraindications: Anuria, severe or progressive renal disease, hyper- 
sensitivity to the drug, known renal uric acid calculi. 


Warnings: Potentiates the action of oral anticoagulants; caution should 
be exercised when these agents are used with ‘Selacryn’; reduce anti- 
coagulant dosage to 1/4 or 1/2 of the maintenance dose, and carefully 
monitor prothrombin time until stabilized. 


Concomitant use with triamterene is not recommended since a marked 
elevation of BUN and creatinine may occur. 

Not appropriate in hepatic ascites. May precipitate azotemia in progres- 
sive or advanced renal disease; therefore, frequent electrolyte, creatinine 
and BUN determinations should be performed early in therapy and 
periodically thereafter. Discontinue the drug if renal impairment 
progresses. 


Pregnancy, Nursing: 'Selecryn' crosses the placental barrier in animals. 
Routine use of diuretics during normal pregnancy is inappropriate and 
exposes mother and fetus to unnecessary hazard. Use in pregnancy 
requires weighing anticipated benefits against possible hazards. 
Generally, nursing should not be undertaken while a patient is on a drug. 


Precautions: Substantial uricosuria occurs within hours after the first 
dose of 'Selacryn'; for this reason, hypertensive patients switching from 
other diuretics should discontinue diuretics for 3 days before starting 
'Selacryn'; where feasible. diuretics should be discontinued for 1 to 2 
days in patients with congestive cardiac failure. Fluid intake should be 
increased to approximately 1500 cc. per day for up to 3 days before and 
3 days after initiation of 'Selacryn' therapy in patients switched to 
'Selacryn' from other diuretics and in patients who may be dehydrated, 
particularly if the patients are hyperuricemic. 


Acute attacks of gout may be precipitated; continue ‘Selacryn’ (brand of 
ticrynafen), add colchicine. Observe patients for signs of electrolyte 
imbalance, i.e., hypokalemia, hyponatremia, hypochloremic alkalosis. 
Periodic determinations of electrolytes to detect possible imbalance 
should be performed. Concomitant use with cytotoxic agents requires 
caution and individualization of dosage and management. Effects on 
glucose metabolism are similar to those seen with thiazides. Insulin 
requirements may be affected; hyperglycemia and glycosuria may 
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occur in patients with latent diabetes. Elevation of BUN and/or serur 
creatinine can occur during diuretic therapy. 


Children: Safety and effectiveness in children have not been establis 


Drug Interactions: Exercise caution when administering with other 

highly protein-bound drugs, especially anticoagulants; reduce anti- 

coagulant dose to 1/4 or 1/2 of the maintenance dose and carefully 
monitor prothrombin time until stabilized. (See Warnings.) Concom 
use with triamterene is not recommended since a marked elevation 
BUN and creatinine may occur. 


The drug causes a decrease in excretion of salicylates and organic 
acids, e.g., penicillin. Diuretics reduce renal clearance of lithium anc 
increase the risk of lithium toxicity. 


Adverse Reactions: Adverse reactions seen with 'Selacryn' (brand. 
ticrynafen) in controlled studies were approximately the same as thc 
seen with hydrochlorothiazide. Except where noted, the following 
adverse effects seen with 'Selacryn' have been reported in a small 
number of patients, e.g., approximately 1 in 100: anorexia, nausea, 
vomiting, dyspepsia, cramping, diarrhea, constipation, headache 
(approximately 4 in 100), dizziness/lightheadedness (approximatel 
in 100), paresthesia, somnolence, insomnia, syncope, vertigo, ortho 
hypotension, palpitation, rash, urticaria, pruritus, rare cases of fever 
interstitial nephritis. Tiredness/fatigue (approximately 4 in 100), hyp 
glycemia, glycosuria, muscle cramps, weakness, bitter taste and dry 
in mouth, exacerbation of gout, renal colic or costovertebral pain. 
ors dig liver function tests and jaundice have been reported in a1 
patients. 


The following adverse reactions have not been reported to date witt 
‘Selacryn’ but have occurred with thiazides or other diuretics: panct 
atitis, sialadenitis, xanthopsia, purpura, photosensitivity, necrotizing 
angiitis, Stevens-Johnson syndrome, respiratory distress, anaphyl 
reaction, leukopenia, agranulocytosis, thrombocytopenia, aplastic 
anemia, restlessness and transient blurred vision. 


Supplied: Light blue, round, scored, monogrammed tablets of 25 
in bottles of 100, and in Single Unit Packages of 100 (intended for 
institutional use only). 
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Why we made it in two parts. 


The Physio-Control Lifepak 6 defibrillator/monitor 
is divisible. Press a latch and it slides apart to 
become two completely self-contained, self- 
powered units: A powerful DC defibrillator. 
A sophisticated, diagnostic-quality monitor. 

Why? For versatility. For flexibility. For portability. 
And for economy. Because it is divisible, each unit 
can be used in a different way in a different place 
but at the same time. Because it is divisible, each 
unit can be quickly detached for easier portability 
in a hurry by one person, or by two persons. And 
because it is divisible, you can buy as many of 
each unit as you really need — several monitors 
and only one defibrillator for use in an Emergency 
Department or Recovery Room for example 

The Physio-Control Lifepak 6 acute cardiac 
care system. Designed to be divisible. Designed 
to be twice as effective. 
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and our E-16 Treadmill, you get a complete, non-fade ExerStress Display Memory Scope. 
automatic 3-channel stress and resting ECG The 5-second, Write-from- Memory allows 
testing system for a lot less than you might immediate documentation of any observed 
expect to pay. abnormalities. 

Compact, mobile, and easy to operate, the 4000 The E-16 is our latest in a long line of rugged, 
automatically produces 12-lead ECGs in a safe, dependable treadmills. Its remote control 
chart-ready, letter-size format. Simple push- or optional P101 automatic programmer provide 
button controls allow pre-selection of any velvet smooth transitions in speed and grade. 
standard lead group, an XYZ lead group, plus So, if you're looking for the latest in affordable 
your choice of a monitor lead group. And youcan ECG stress testing systems for your office, look 


change lead groups at anytime during the to Del Mar Avionics. Being the first has kept 
testing procedure. us first. 
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INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

» Type all matter: (1) on 8'b X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
for reprints: ...'" followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order- every refer- 
ence, figure and table. (Order of men- 
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tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding páge numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


« Submit 2 glossy prints (not originals) 
of each photo and drawing. 

ə Please note that art work of pub- 
lished articles will not be returned. 

ə Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a// authors: 


41. Vismara LA, Vera Z, Miller RR, Mason DT: Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 39:1027 - 1034, 1977 


(Author: please note that no periods are used after authors initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krove:z LJ: Diseases of the tricuspid valve, chap 20. 
In, Heart Disease in Infants, Children:and Adolescents (Moss AJ, Adams F, ed). 
Baltimore, Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New York, Oxford University Press, 1966, p 
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PRONESTYL® INJECTION 
Procainamide Hydrochloride Injection USP 


DESCRIPTION: Pronesty! Injection (Procainamide 
Hydrochloride Injection USP) is a sterile, aqueous 
solution providing 100 mg or 500 mg procainamide 
hydrochloride per ml. The 100 mg/ml potency 
contains 0.9% (w/v) benzyl alcoho! and 0.09% 
sodium bisulfite as preservatives. The 500 mg/ml 
potency contains 0.1% methylparaben and not 
more than 0.2% sodium bisulfite as preservatives. 


CONTRAINDICATIONS: In patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists; cross sensitivity to procaine and 
related drugs must be borne in mind. Should not 
be given to patients with complete atrioventricular 
heart block. Contraindicated in cases of high- 
degree A-V block unless an electrical pacemaker 
is operative. 


PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefully watched for in all 
patients. In the presence of myocardial damage, 
procainamide may produce untoward responses. 
In atrial fibrillation or flutter, the ventricular rate 
may increase suddenly as the atrial rate is slowed; 
adequate digitalization reduces but does not 
abolish this danger. If myocardial damage exists, 
ventricular tachysystole is particularly hazardous. 
The dislodgment of mural thrombi producing an 
embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
has occurred during an occlusive coronary episode 
or where the use of procainamide may result in 
additional depression of conduction and ventricular 
asystole or fibrillation as in A-V block, bundle 
branch block, or severe digitalis intoxication. 

Parenteral administration should be monitored 
electrocardiographically whenever practicable. 
Parenteral administration should be discontinued 
at once if electrocardiograms give evidence of im- 
pending heart block. This complication should be 
kep: in mind when treating ventricular arrhythmias 
(especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have complete heart block. Since 
asystole may result if the ventricular rate is signifi- 
cantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has 
been reported with oral maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to 
this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus- 
like reaction appear; discontinue drug in event of 
rising titer or clinical symptoms of LE. Steroid 
therapy may be effective if discontinuation of pro- 
cainamide does not cause remission of symptoms. 
If the syndrome develops in a patient with recur- 
rent life-threatening arrhythmias not otherwise 
cortrollable, steroid-suppressive therapy may be 
used concomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide 
is a peripheral vasodilator, | V. administration may 
produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is 
less likely to cause serious falls in blood pressure. 
Serious disturbances of cardiac rhythm such as 
ventricular asystole or fibrillation are also more 
common with LV. administration. 

A syndrome resembling lupus erythematosus 
has been reported in patients on oral maintenance 


therapy. Reactions consisting of fever and chills 
including a case with fever and chills plus nausea, 


vomiting, abdominal pain, acute hepatomegaly, 

and a rise in SGOT following single doses of the 
drug have been reported. Bitter taste, diarrhea, 
weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions 
such as angioneurotic edema and maculopapular 


rash have been reported. Agranulocytosis has 
been occasionally reported following repeated use 


of the drug, and deaths have occurred; therefore, 


routine blood counts are advisable during main- 


tenance therapy. If soreness of mouth, throat 
or gums, unexplained fever or any symptoms of 


upper respiratory tract infection should occur and 
leukocyte counts indicate cellular depression, 
procainamide therapy should 5e discontinued and 


appropriate treatment should be instituted 


immediately. 
For full prescribing information, consult package 
insert. 


HOW SUPPLIED: Pronesty! Injection (Procaina- 


mide Hydrochloride Injection USP) is available in 
10 ml vials providing 100 mg procainamide hydro- 
chloride per ml and in 2 ml vials providing 500 mg 
procainamide hydrochloride per ml. 


PRONESTYL* TABLETS 

Procainamide Hydrochloride Tablets 
PRONESTYL* CAPSULES 
Procainamide Hydrochloride Capsules USP 


The prolonged administration of procainamide 
often leads to the development of a positive 
anti-nuclear antibody ( ANA) test with or with- 
out symptoms of lupus erythematosus-like syn- 
drome. If a positive ANA titer develops, the 
benefit/risk ratio related to continued procain- 
amide therapy should be assessed. This may __ 
necessitate considerations of alternative anti- 
arrhythmic therapy. 











DESCRIPTION: Pronesty! (Procainamide Hydro- 
chloricle) is the amide analogue of procaine 
hydrochloride and is available for oral adminis- 
tration as veneer-coated tablets and capsules 
providing 250 mg, 375 mg, and 500 mg procain- ~ 
amide hydrochloride. 


CONTRAINDICATIONS: In patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists; bear in mind cross sensitivity to 
procaine and related drugs. Should not be given to 
patients with complete atrioventricular heart block. 
Contraindicated in cases of second degree and 
third degree A-V block unless an electrical pace- 
maker is operative. 


PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefullv watched for in all 
patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate 
may increase suddenly as the atrial rate is slowed; 
adequate digitalization reduces but does not 
abolish this danger. Ventricular tachysystole is par- 
ticularly hazardous if myocardial damage exists. 


The dislodgment of mural thrombi producing an 
embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
has occurred during an ccclusive coronary episode 
or where the use of procainamide may result in addi- 
tional depression of conduction and ventricular 
asystole or fibrillation as in second degree and 
third degree A-V block, bundie branch block, or 
severe digitalis intoxication. 

Bear in mind when treating ventricular arrhyth- 
mias in patients with severe organic heart disease 
and ventricular tachycardia that complete heart 
block, which may be difficult to diagnose, may be 
present. Since asystole may result if the ventricular 


rate is significantly slowed without attainment of 
regular atrioventricular conduction, procainamidi: 
should be stopped and the patient re-evaluated. 

In the presence of both liver and kidney damag 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus h 
been reported with oral maintenance procainami« 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may alsc 
occur. Rare cases of thrombocytopenia or Coomt 
positive hemolytic anemia, possibly related to 
this syndrome, have been reported. Measure ant 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods c 
time or in whom symptoms suggestive of lupus- 
like reaction appear; in event of rising titer (anti- 
nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued 
procainamide therapy (see boxed Warning). Ster 
therapy may be effective if discontinuation of prt 
cainamide does not cause remission of symptorr 
If the syndrome develops in a patient with recurre 
life-threatening arrhythmias not otherwise con- 
trollable, steroid-suppressive therapy may be us 
concomitantly with procainamide. 


ADVERSE REACTIONS: Hypotension is rare wi 
oral administration. Serious disturbances of card 
rhythm such as ventricular asystole or fibrillatior 
are more common with I.V. administration. 

Large oral doses may sometimes produce an 
rexia, nausea, urticaria, and/or pruritus. 

A syndrome resembling lupus erythematosus 
been reported in patients on oral maintenance 
therapy (see Precautions). Reactions consistin 
fever and chills have been reported, including 
case with nausea, vomiting, abdominal pain, ac 
hepatomegaly, and a rise in serum glutamic ox 
acetic transaminase following single doses of tl 
drug. Agranulocytosis has been occasionally 
reported following repeated use of the drug, a 
deaths have occurred. Therefore, routine bloo 
counts are advisable during maintenance proc 
amide therapy; and the patient should be instru 
to report any soreness of the mouth, throat or g 
unexplained fever or any symptoms of upper r 
ratory tract infection. If any of these symptoms 
should occur and leukocyte counts indicate cel 
depression, procainamide therapy should be d 
continued and appropriate treatment should 
instituted immediately. Bitter taste, diarrhea, 
ness, mental depression, giddiness, psychosis 
hallucinations, and hypersensitivity reactions 
as angioneurotic edema and maculopapular r 
have been reported. 

For full prescribing information, consult pac 

insert. 


HOW SUPPLIED: Pronesty! Tablets (Procaina 
Hydrochloride Tablets) and Pronestyl Capsul 
(Procainamide Hydrochloride Capsules USP) 
viding 250 mg, 375 mg, and 500 mg procaina 
hydrochloride are available in bottles of 100 a 
Unimatic® single-dose packaging in cartons 
The 250 mg and 500 mg tablets and capsules 
also available in bottles of 1000. 
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hypertension and that is 
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New ECG gated technique 
improves the chest x-ray as a method of 
assessing cardiovascular function. 


“.. experience using Intergated Radiography in place of 
admission chest films in more than 500 cases indicates that 
cardiovascular motion can be reliably assessed without apparent 
loss of quality of the image with respect to other thoracic 
structures. We have found excellent correlation between regional 
wall motion on Intergated films and ventriculograms in patients 
with coronary artery disease.. "* 


Opposite page: IRS x-ray shows 
asynergistic contraction. Dyskinesis 
is seen in the apex, severe hypokin- 
esis high in the lateral wall and nor- 
mal motion in the basal segment. 
Systolic strips are normally identi- 


fied at the margins of the radiograph. 


In this image, systolic strips are 
marked with white dots. 


Below: Brattle IRS uses a moveable 
mask (comprised of 3mm wide 
lead strips alternating with 3mm 
spaces) which is placed between 
the x-ray source and the patient, 
limiting the radiation dose to that of 
single film. The patient's ECG is 
onitored. One x-ray exposure is 
ade at end-diastole. After the 
ask has been shifted down 3mm, 
ncovering the unexposed areas of 
he film, a second exposure is made 
t end-systole. 





The Intergated™ Radiography System (IRS) 

captures the cardiac image at end-systole and 

end-diastole on a single film and can be used to: 

* detect, localize and follow asynergistic 
contractions and 

* detect and follow valvular defects and shunts. 


It is as easy as doing conventional chest films 
and requires no additional radiation. The 
Brattle IRS is inexpensive, simple to use and 
compatible with most existing chest X-ray units. 
Unlike the old kymography technique, the 

IRS is highly sensitive and specific. 


For more information about this new exciting 
diagnostic tool, simply call us or fill out and 
return the coupon below. 


Name 





Title 





Hospital/Clinic 





Address 





City 





o a ee RR ee ee cr Ca TRUE 4| OS Ea eS ee ae 


Brattle 


Brattle Instrument Corporation, 243 Vassar Street. Cambridge, MA 02139 
Telephone: (617) 661-0300 TWX 710-320-0488 


Telephone 





Dinsmore, R. E., Wernikoff, R. E., Miller, S. W., Potsaid. M. S. Information enhancement and dose reduction in chest 
radiography: the Intergated PociQgraphy System. Proceedings of the symposium on optimization of chest radiography 
April 30—May 2, 1979. University of Wisconsin and U. S. Bureau of Radiological Health, Madison, Wisconsin, 1979 
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A SIGNIFICANT 
ADVANCEMENT IN 
PACING SYSTEM 
TECHNOLOGY 


CPI.’s new Porous Tip Lead 
encourages living tissue to 
grow within the electrode, 
creating a bond between the 
heart and the MICROLITH,-P 
programmable pacing system. 
The remarkable characteristics 
of this bond allow you to 

take full advantage of the 
MICROLITH-P’s programmable 
features. 


IMPROVED ELECTRODE 


STABILITY 


The Porous Tip Lead’s direct 
bond with heart tissue resists 
dislodgement significantly 
better than conventional leads. 


LEAD SUP 


Y eee 


IMPROVED SENSING 
CAPABILITY 


With greatly reduced fibrotic 
build-up at the electrode site, 
the new Porous Tip Lead 
improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize thy btn of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


Cardiac Pacemakers, inc 


MICROLITH-P 


v 


ERIORITY 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 


Cardiac Pacemakers. Inc 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul. Minnesota 55164.U.SA 





The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 
tissue. The 254m diameter of the 
electrode’s interior mesh fibers is 
comparable to that of an individual 
heart cell. This diminishes foreign 
body reaction resulting in a smaller 
fibrotic capsule for increased 
sensing capabilities. 


The porous configuration of the 
electrode tip and flexible lead body are 
more compatible with heart movement 
than standard leads. Placement is 
easier, with less trauma at the electrode 
site. 


The porous electro 
advantages of a sm 
(7.5mm?) for lower curre 
large area (50mm?) for impi 
sensing. 


The lower pacing current drain 
achievable with the Porous Tip Lead 
optimizes the longevity of the 








A New 
Inotropic Agent 
for the Short-Term 
Treatment of Low-Output 
Cardiac Failure 


Selectively Increases 
Myocardial Contractility 
with Consistent 
Hemodynamic Improvements 


See third page for brief summary of prescribing information 


Distinguishing Qualities of Dobutrex 








Strong Inotropic Activity through 

Selective Stimulation 

Dobuitrex is a potent, positive inotropic agent 
whose primary activity results from stimulation of 
the 8 receptors of the myocardial muscle cells.’ 





Hemodynamic Improvements 

Dobutrex has minimum effect on the 
adrenergic receptors in the vasculature.! In 
most patients, blood pressure changes are 
small, and decreases in afterload and preload 
have been reported in clinical investigations 
(see warnings)? 





Small Effect on Heart Rate and Automaticity 
Dobutrex has minimum effect on ventricular 
automaticity? and does not reduce blood 
pressure^ This, together with its low chronotropic 
potential, reduces the risk of arrhythmia (see 
warnings). 





Renal Output and Urine Flow 

Dobutrex does not have the direct renal 
vasodilative effect of low-dose dopamine; 
however, in patients with heart failure, Dobutrex 
generally promotes a diuresis as renal perfusion 
rises with the increased cardiac outputs 





Direct-Acting 

Unlike dopamine, Dobutrex acts directly on the 
myocardium and does not depend on the 
release of endogenous norepinephrine for its 
inotropic activity, 





Myocardial Oxygen Balance 

Increases in coronary heart perfusion due to 
increased cardiac output, together with a 
favorable influence on some of the major 
determinants of oxygen consumption (for 
example, decreases in left-ventricular filling 
pressure, decreases in systemic vascular 
resistance, and a mild chronotropic effect 26), 
suggest that Dobutrex improves or maintains 
myocardial oxygen balance. 





infrequent Side Effects 

Increases in heart rate, blood pressure, and 
ventricular ectopic activity have occurred, The 
drug is contraindicated in patients with 
idiopathic hypertrophic subaortic stenosis. In 
patients who have atrial fibrillation with rapid 
ventricular response, a digitalis preparation 
should be used before therapy with Dobutrex is 
instituted. For warnings, precautions, and 
adverse reactions, see the brief summary of 
prescribing information. 

Because of the rapid onset and brief duration 
of action of Dobutrex, precise adjustment of 
cardiac stimulation is possible by regulation of 
the rate of administration. As a result, when 
undesirable effects arise, temporary 
discontinuation of the infusion or reduction in 
dosage will generally reverse the adverse 
conditions. No additional remedial measures 
are usually necessary. 


References: 

1. Circ. Res., 36:195, 1975. 

2. Circulation, 55:375, 1977 

3. Anesthesiology, 44:281, 1976. 


4. intensive Care Med, 3:57, 1977 
5. Circulation, 56:468, 1977 
6. Br. Heart J., 37:629, 1975 
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For I.V. Injection 
250 mg* in 20-ml vials 
*Equivalent to dobutamine 


Please see following page 
for brief summary of 
prescribing information 


Eli Lilly and Company 
MC-897 

PO. Box 618 

Indianapolis, Indiana 46206 


Please send me additional information rns 
Dobutrex® (dobutamine hydrochloride, Lilly). 
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Dobutrex: | 


Dobutamine HCI 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dooutrex* (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
ctropic support in the short-term treatment 
cf adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial f orillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure —Dobutrex may cause a marked 
increase in heart rate or blcod pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies hove 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tcte or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
sate and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction —Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex for use in children have not 
been studied. 


Drug Interactions —There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glycery! trinitrate. isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects.) Approximately 5 percent of 
patients have nad increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 


Miscellaneous Uncommon Effects —The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 


Longer-Term Safety —!nfusions of up to 72 
hours have revealed no adverse effects 
other than those seen with snorter infusions. 


Overdosage: |In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycordia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon: 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection 
To reconstitute, add 10 ml of diluent to Via 
No. 7051 Dobutrex, 250 mg. If the material i: 
not completely dissolved, add an additiona 
10 ml of diluent. The reconstituted solutior 
may be stored under refrigeration for 4é 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di. 
luted to at least 50 ml prior to administratior 
in 5% Dextrose Injection, 0.9% Sodiurr 
Chloride Injection, or Sodium Lactate Injec: 
tion. Intravenous solutions should be usec 
within 24 hours. 

Solutions containing Dobutrex may exhibi 
à color that, if present, will increase with time 
This color change is due to slight oxidation o 
the drug, but there is no significant loss o 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage- The rate of infu 
sion needed to increase cardiac outpu 
usually ranges from 2.5 to 10 mcg/kg/mit 
(see table). On rare occasions, infusion rate 
up to 40 mcg/kg/min have been required t 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250. 500, and 1000 mcg/ml 
Drug Delivery Infusion Delivery Rate 


Rate 250 mcg/mi* 500 mcg/ml* 1000 mcg/ml 
(mcg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 


2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
75 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
$1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the durc 
tion of therapy should be adjusted accorc 
ing to the patients response, as determine 
by heart rate, presence of ectopic activi! 
blood pressure, urine flow, and, wheneve 
possible, measurement of central venous « 
pulmonary wedge pressure and cordic 
output. 

Concentrations up to 5000 mcg/ml hav 
been administered to humans (250 mg/* 
mi). The final volume administered should t 
determined by the fluid requirements of tt 
patient. [oe16: 


Additional information available to 
/ the profession on request. 
Lilly Eli Lilly and Company 
| Indianapolis, Indiana 462€ 
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UPDATE FOR THE PRACTITIONER 


EDITED BY SAMUEL B. FRANK, MD 
Professor of Clinical Dermatology, New York University School of Medicine 












CONTENTS 


You will recognize the authors of the 26 chapters as 
leaders in their fields. Don't miss the summary by Dr. 
Frank —it is a masterly review of the most important 
new contributions and puts the various thinking in 


A new publication that will bring 
you up-to-date on what is 

known today about Acne 
» ». the most frequent- 
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Free house calls. 


We'll give your patients regularly scheduled EKGs at no cost to you, when you 
use Intermedics’ Trace-A-Pace™ pacemaker monitoring service. 

A service that includes our providing you with a Trace-A-Pace transmitter for 
your patient. 

The transmitter lets your patient use his home telephone, toll free, to send 
EKG tracings according to your schedule to our Trace-A-Pace service. 

A service directed by an M.D., and staffed by Registered Nurses with coronary 
care experience. 

Professionals who will call you immediately if any problem is detected. Other- 
wise, each routine tracing is forwarded to you for checking. 

But you have another choice. If you 
prefer, Intermedics can help you establish 
your own monitoring service. We'll help 
you install the recording equipment right 
in your own office. 

Either way, we even provide a very 
simple but comprehensive patient booklet "ll 
entitled "House Calls,” to make the moni- 4 | 
toring system easily understood. EN 

Helping you monitor your patients helps us 
develop even more advanced, reliable pacemakers. ` 

In fact, some of our 
newest pacemaker mod- 
els are built with a special 
circuit for telemetry 
ransmission. Our EKG/ 
elemetry transmitter 
llows your patient to 
end both telemetry and 
KG recordings to our 
race-A- Pace offices in 
reeport, Texas. | 

50 while the EKG tells you about the patient's condition. the telemetry can 
rovide more precise information about the pacemaker' condition. 

Contact your Intermedics Representative, or write and let us tell you more 
bout our Trace-A-Pace service. The service behind every Intermedics pacemaker. 
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lntermedics Inc. 


P O. Box 617, Freeport, Texas 77541 
Trace-A-Pace toll free number 1-800-231-6128. 
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-For ventricular arrhythmias. 
-For atrial arrhythmias. 

_ For smooth, trouble-free conversion. 
- For steady maintenance. 








© Greater GI tolerance 
than with quinidine sulfate 
t1 Full quinidine cardiodynamics 


d Convenient b.i.d. or t.i.d. dosage 


for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 


^tects the mucosa of the stomach and permits dependable 


absorption of the quinidine.” 


*Aviado, D. M., Krentz and Carr's Pharmacologic- Principles of Medical 
Practice, ed, 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the trea: ment of: premature atrial 
and ventricular Contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter, CONTRAINDICATIONS: Aberrant impu!ses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine: WARNING: :n the treatment of atrial flutter reversion 
‘s sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 reiio anc restltina extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 276 ng.) is equivalent I^ quinidine content to 3 
grains. quinidine sulfate, DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to Individua! needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate. 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm, 
is not restored after 3 or 4 equal doses, the dose may be Increased 
by % to 1 tabiet (137.6 to 275 mg.) and administered three to four 
timas before any further dosage increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morn ad and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 
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Apical Hypertrophic Cardiomyopathy 
Drug Therapy for Arrhythmias 
Systolic Hypertension 


Last Call for Abstracts: ACC 29th Annual Scientific Session 
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IS LOGICAL THERAPY 
FOR THE VAST MAJORITY 


No one antihypertensive agent is appropriate and sideration, such as children or those with renal 
effective for all patients, and ALDOMET" (Methyldopa, impairment (see Prescribing Information for details 
MSD) is no exception. But it is logical therapy fora wide on dosage). 
range of hypertensives. Logical because it lowers blood ALDOMET (Methyldopa, MSD) is contraindicated 
pressure apparently by lowering peripheral resistance— in active hepatic disease, hypersensitivity to the drug, 
while cardiac output is usually maintained. and if previous methyldopa therapy has been 

Highly effective in mild, moderate, or severe hyper- associated with liver disorders. 
tension, ALDOMET is useful when there has been an It is important to recognize that a positive Coombs 
inadequate response to initial thiazide therapy. or as test, hemolytic anemia, and liver disorders may occur 
initial therapy when thiazides are inappropriate or with methyldopa therapy. The rare occurrences of 
contraindicated (for example, when the patient is hemolytic anemia or liver disorders could lead to 
hypersensitive to sulfonamide-derived drugs). It is potentially fatal complications unless properly recog- 
also appropriate for many hypertensive patients for nized and managed. For more details, please see the 
whom the selection of a drug requires special con- brief summary of prescribing information. 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis: if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not in itself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
At the start of methyldopa therapy, itis desirable to do 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methylcopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a cirect and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever anc abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methylcapa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to < 
nursing infant cannot be excluded. Methyldope 
crosses the placental barrier, appears in cord blood 

and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma. 
Itis important to recognize this phenomenon before a 
patient with a possibie pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding may darken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


lar disease. Patients may require reduced do 
anesthetics; hypotension occurring during 
thesia usually can be controlled with vasopre 
Hypertension has recurred after dialysis in pi 
on methyldopa because the drug is removed I 
procedure. 

Adverse Reactions: Central nervous system: 
tion, headache, asthenia or weakness, usuall 
and transient; dizziness, lightheadedness, : 
toms of cerebrovascular insufficiency, paresth 
parkinsonism, Bell's palsy, decreased mental : 
involuntary choreoathetotic movements; p: 
disturbances, including nightmares and reve 
mild psychoses or depression. 
Cardiovascular: Bradycardia, aggravation of « 
pectoris. Orthostatic hypotension (decrease 
dosage). Edema (and weight gain) usually relie' 
use of a diuretic. (Discontinue methyldopa if e 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention 
stipation, flatus, diarrhea, mild dryness of m 
sore or "black" tongue, pancreatitis, sialaden 
Hepatic: Abnormal liver function tests, jau! 
liver disorders. 

Hematologic: Positive Coombs test, hemolyti 
mia. Leukopenia, granulocytopenia, thrombi 
penia. Positive tests for antinuclear antiboc 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like synd 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast en 
ment, gynecomastia, lactation, impotence 
creased libido, dermatologic reactions inci 
eczema and lichenoid eruptions, mild arthi 
myalgia. 

Mote: Initial adult dosage should be limit 
500 mg daily when given with antihyperte 
other than thiazides. Tolerance may occur, 
between second and third months of th 
increased dosage or v^ a diuretic freq 
restores effective control. Patients with im 
renal function may respond to smaller 
Syncope in older patients may be related to inc 
sensitivity and advanced arteriosclerotic v 
disease; this may be avoided by lower doses. 
How Supplied: Tablets, containing 125 mg 
depa each, in bottles of 100; Tablets, con 
250 mg methyldopa each, in single-unit pack 
100 and bottles of 100 and 1000; Tablets, con 
900 mg methyldopa each, in single-unit pack 
100 and bottles of 100 and 500. M 
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full prescribing information. Merck 
Sharp & Dohme, Division of Merck & 
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HIS REPORTS WOULD 
BE OUT BY NOW! 


Our users tell us about many things they like in their E for M Cath Lab Computer 

System, such as — 

e Ventriculography results are available in-lab. 

e Hemodynamic calculations are done with an accuracy and reliability they 
found hard to get manually. 
Waveforms and calculated results are displayed and permanently stored. 
Extensive editing facilities permit introduction of personal judgment. 
Latest generation software provides some unique capabilities such as shunt 
calculations based on the tentative diagnosis of congenital anomaly. 


The computer-accessible cardiac data base greatly simplifies cross- 
population and other statistical studies. 


But the part our users like most is getting all their reports written by the 
computer, to their specifications, immediately after the procedure is finished. 


If you are thinking about a computer for your cath lab, it will pay you to talk with 
us. Call your local Efor M representative, or our computer group in Sudbury, 
Massachusetts, 617-443-9969. 


ELECTRONICS FOR MEDICINE, INC. 


: F.M PLEASANTVILLE, NEW YORK 10570 * 914-769-6700 
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A LOGICAL ADJUNCT TO FUROSEMIDE 


IN CARDIAC EDEMA 


In a study of 30 cardiac patients (10 as controls, 20 receiving 
furosemide), 'Dyrenium' (200 mg./day) was added to 10-of the 
treated patients. After at least 10 days on the combined 
regimen, mean plasma potassium was significantly increased 
from pre-'Dyrenium' levels of 3.85 mEq./I. (+.12)t04.54 ~ 
mEq./I. (=.12). Any K+ supplements were discontinued. 


- 


‘Dyrenium’ Has 
Additive Effect. 


en used with another diuretic, initial — 
dosage of both agents should usually be 
educed; careful supervision and dosage 
adjustment are required. K* supple- 
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401 Hypertrophic Nonobstructive Cardiomyopathy With Giant Negative T Waves (Apical Hypertrophy): 
Ventriculographic and Echocardiographic Features in 30 Patients 


HIROSHI YAMAGUCHI, TAKAO ISHIMURA, SHINICHIRO NISHIYAMA, FUMIHIKO NAGASAKI, FUMIMARO 
TAKATSU, SHIGEMOTO NAKANISHI, TAKASHI NISHIJO, TOHRU UMEDA and KIYOSHI MACHII 


Thirty of 1,002 consecutive Japanese patients who had left heart catheterization and cineangiography for evalu- 
ation of ischemic heart disease or cardiomyopathy were found to have nonobstructive hypertrophic cardiomyop- 
athy with marked concentric hypertrophy in the apex and a septal shape and contraction pattern different from 
those seen in the obstructive type. In these patients the electrocardiogram showed giant negative T waves asso- 
ciated with high QRS voltage and the right anterior oblique ventriculogram, a marked apical hypertrophic pattern 
characterized by a unique spade-like configuration and marked apical obliteration. All 30 patients had normal 
coronary arteriograms that included minor luminal irregularities. This type of ‘‘apical hypertrophic cardiomyopa- 
thy” is fairly common in Japan, and has a large preponderance of men, suggesting a sex-linked recessive trans- 
mission. 


413 Ischemic Heart Disease Secondary to Amyloidosis of Intramyocardial Arteries 
ROBERT R. L. SMITH and GROVER M. HUTCHINS 


Among 108 patients with cardiac amyloidosis studied at autopsy between 1889 and 1977, there were 4.6 per- 
cent who had severe occlusive amyloid deposits in intramyocardial arteries and focal subendocardial ischemic 
injury, without involvement of the epicardial coronary arteries. The vascular amyloid deposition occurred pre- 
dominantly in the media of the vessel walls; in cases of severe vascular involvement the deposition was 
transmural. The myocardial involvement with amyloid included nodular deposits and interstitial infiltration. Clini- 
cal manifestations included congestive heart failure, arrhythmias and angina pectoris. 


418 Cardiac Conduction System in Hemochromatosis: Clinical and Pathologic Features of Six Patients 
VINCENT J. VIGORITA and GROVER M. HUTCHINS 


Clinical and pathologic examination of six patients with exogenous hemochromatosis showed a gradient of iron 
deposition in the heart. The gradient of iron accumulation in the conduction system as in the remaining myocar- 
dium may be explained as reflecting the work done by the various tissues. The working ventricular myocardium 
showed the most and the sinoatrial node the least involvement. Iron deposition in the atrioventricular node and 
His bundle tissue occurred with severe myocardial iron storage and was associated with electrocardiographic 
abnormalities, most often supraventricular rhythm disturbances and less often conduction block. The bundle 
branches were involved early and the sinoatrial node last. Although the data in this study indicate a correlation 
between iron deposition and myocardial dysfunction, it is not clear that iron itself produces myocardial injury. 


424 Changes in Arterial Pressure During Left Heart Pullback in Patients With Aortic Stenosis: A Sign of 
Severe Aortic Stenosis 


BLASE A. CARABELLO, WILLIAM H. BARRY and WILLIAM GROSSMAN 
During cardiac catheterization of 42 patients with aortic stenosis, increases in peripheral arterial pressure of 5 


mm Hg or more were noted in 15 of 20 patients with an aortic valve area of 0.6 cm? or less but in none of 22 pa- 
Continued on page A15 
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The kidney-not the heart-is the key to long-term arterial 
pressure control. The kidney raises blood pressure 
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the kidney excrete sodium, reduce fluid volume and lower 
blood pressure. 
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tients with an aortic valve area of 0.7 cm? or more. Such an increase in peak arterial pressure during cathet 
withdrawal from the left ventricle is an ancillary hemodynamic finding of critical aortic stenosis. Although tl 
mechanism of this phenomenon is uncertain, partial obstruction of an already narrowed aortic orifice by the r« 
rograde catheter and relief of this obstruction with catheter withdrawal may be operative. The routine monitorii 
of peripheral arterial pressure during retrograde catheterization of patients with aortic stenosis may yield val 
able diagnostic information and serve as an important aid to patient safety. 


428 Incessant Atrioventricular Tachycardia Involving an Accessory Pathway: Preoperative and 
Intraoperative Electrophysiologic Studies and Surgical Correction 


DAVID E. WARD, A. JOHN CAMM, R. CORY PEARCE, ROWORTH A. J. SPURRELL and G. M. REES 


This report presents three patients with incessant supraventricular tachycardia despite adequate antiarrhythrr 
drug therapy whose preoperative electrophysiologic studies suggested a reentrant atrioventricular mechanis 
involving a left-sided direct ventriculoatrial connection. The spontaneous initiation of supraventricular tachyc: 
dia was due to frequent spontaneous ventricular premature complexes in two patients, an increase in sinus re 
in two patients and ventriculoatrial reentry without preceding changes in sinus rate or intracardiac conducti 
intervals in one patient. Surgical cryoablation of the accessory pathway in two patients and of the His bundle 
one abolished these tachycardias and proved that incessant or repetitive paroxysmal tachycardias may res 
from reentry involving manifest or concealed anomalous pathways. 


435 Coexistence of Ventricular Parasystole and Ventricular Couplets: Mechanism and Clinical 
Significance 


CHIEN-SUU KUO and BORYS SURAWICZ 


In 78 consecutive patients with uniform ventricular ectopic complexes and without heart disease the associati 
between ventricular couplets and parasystole did not appear coincidental. The couplets were more prevale 
in patients with variable coupling intervals—that is, proved or suspected parasystoles—than in those with fix: 
coupling intervals. They were seldom followed by consecutive ventricular complexes or ventricular tachycardi 
Reentry within the parasystolic focus or its vicinity is the most probable mechanism responsible for this associ 
tion and best explains the similar clinical significance of a couplet and that of a single reentrant ventricular e 
topic complex and the benign nature of ventricular couplets. 


442 Interatrial Conduction (Activation) Times 


CARL V. LEIER, GREGORY M. JEWELL, RAYMOND D. MAGORIEN, RICHARD A. WEPSIC and 
STEPHEN F. SCHAAL 


In 10 patients with normal-sized atria and in 16 patients with isolated left atrial enlargement a high correlati: 
was found between the P wave duration and the interatrial conduction times obtained from the coronary sin 
and pulmonary artery and good correlations for the interatrial conduction times and the esophageal recordinc 
The latter indicate that the esophageal recording technique provides a satisfactory method of obtaining left atr 
electrograms from an extravascular site. Interatrial conduction times recorded from the pulmonary artery a 
esophagus correlated well with those recorded from the distal coronary sinus. The electrograms obtained fro 
the various indirect left atrial recording sites provide satisfactory quantification of interatrial conduction as wi 
as information on the mechanisms of atrial arrhythmias. 


447 Influence of Heart Rate on Left Ventricular Ejection Fraction in Human Beings 


DONALD R. RICCI, ARTHUR E. ORLICK, EDWIN L. ALDERMAN, NEIL B. INGELS, Jr., 
GEORGE T. DAUGHTERS, II and EDWARD B. STINSON 


Examining the influence of heart rate on left ventricular ejection fraction in 10 recipients of a cardiac allogr: 
and 7 patients with aortocoronary bypass grafts, these investigators found a gradual progressive decrease 
ejection fraction as the heart rate increased within the physiologic range. Neural mechanisms acting directly : 
the heart did not influence this inverse relation importantly. The heat rate and optimally, end-diastolic volun 
must be considered in interpreting serial studies of ventricular function based on the ejection fraction, especia 
if the heart rate varies more than 30 beats/min between studies. Furthermore, the cardiac dynamic respons 
to pacing-induced tachycardia in this study suggest that caution should be exercised in interpreting ejection fra 
tion measured with invasive or noninvasive techniques in patients with coronary artery disease who may | 
subjected to pacing-induced ischemia in the course of diagnostic evaluation. 
Continued on page A19 
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ne patient 


high risk of coronary artery disease 


xad VEN CIEN 
P l. Assess coronary risk 
In addition to elevated lipid levels, 
consideration should be given to other 
factors that increase the risk of 
coronary artery disease (CAD): strong 
family history of CAD, low serum levels 
of high density lipoprotein, marked obesity, 
continued cigarette smoking, hypertension not satisfactorily controlled with 
medication. Drug therapy should be more strongly considered in younger 
patients. It should be noted, however, that correcting a given factor does 
not assure that risk will revert to what it would have been had that factor 
never been present. 


The more risk factors present, the greater the risk of coronary artery disease” 
Relative Risk ' of CAD 
70X 


60X Risk Factors 


Cholesterol z 250 "UR ui 
Pines ro *Coronary artery disease = 
5.0X is TP. aNs par Da APA : acute myocardial infarction, 

g P y d ites acute coronary insufficiency, 
oo EP. ME sudden death and nonsudden 

40X Er deaths due to coronary heart 

disease 

3.0X Relative risk’ = observed cases 
expected cases 


Adapted from the 
l—— Framingham Heart Study.' 
One Two Three 
Risk Factor Factors Factors 
Factor 


2. Prescribe appropriate diet and other measures 
Treatment of primary hyperlipidemia should begin with a diet specific 
for the lipid abnormality involved. Diet, weight reduction, exercise, and 

good control of diabetes may be sufficient to correct the lipid problem 


3. But when diet and other measures are not enough 

and other drugs are inappropriate or inadequate, 
prescribe Atromid -S (clofibrate) 

The most significant benefit can be expected in patients with more than one 

coronary risk factor who experience a significant reduction in cholesterol 
and/or triglyceride levels after an adequate trial of ATROMID-S. Diet and other 
appropriate measures must be continued for optimal lipid lowering. If the lipid 
response is not favorable, the drug should be discontinued. 


As an adjunct to diet Atromid-S (clofibrate) sóma 
For the coronary-prone patient with significant hyperlipidemia 





Reference: 1. The Framingham Heart Study: U.S. Department of Health, Education, and Welfare, Public Health Service, 


As an adjunct to diet and A | 
other appropriate measures trom 


Helps correct the lipid factor in the high-risk profile 


(For full product information, see package circular.) 
ATROMID-S* Brand of Clofibrate 
Antilipidemic agent for reduction of elevated serum lipids 


ACTIONS: ATROMID-S is an antilipidemic agent. It acts to lower elevated serum lipids by 
reducing the very low density lipoprotein fraction (Sf20-400) rich in triglycerides. Serum choles- 
terol, especially the low density lipoprotein fraction (S0-20), is also decreased, particularly :n 
those whose cholesterol levels are elevated at the outset. 


The mechanism of action has not been established definitively. In man, clofibrate reduces 
cholesterol formation early in the biosynthetic chain. In addition, clofibrate has been shown to 
Cause increased excretion of neutral sterols. 


fais ui Studies suggest that clofibrate interrupts cholesterol biosynthesis prior to mevalonate 
ormation. 


INDICATIONS: This is not an innocuous drug. Strict attention should be paid to the Indications. 
Contraindications, and Warnings. M 


Treatment of primary hyperlipidemia should begin with a diet specific for the type of hyper 
lipidemia.! Diet, weight reduction, exercise, and good control of diabetes mellitus lead to 
improved lipid levels and may obviate the need for antilipidemic drugs. 


ATROMID-S may be utilized as adjunctive therapy in patients with significant hyperlipidemia anc 
a high risk of coronary artery disease wno do not respond adequately to diet and weight loss 
Before using ATROMID-S in a patient, consideration should be given to whether other anti- 
lipidemic drugs are more appropnate in view of the serious adverse findings with ATROMID-S 
reported in two large clinical trials (see WARNINGS). In addition, assessment of risk of coronary 
artery disease should include consideration of such factors, in addition to lipid levels, as strong 
family history of coronary heart disease, low serum levels of high density lipoprotein, marked 
Obesity, continued smoking. use of oral contraception, and hypertension that is not satisfactorily 
controlled with medication. Drug therapy shouid be more strongly considered in younger patients: 
and in those with a history of pancreatitis or abdominal pain associated with markedly elevated 
triglyceride levels. 


ATROMID-S is a drug of first choice for primary dysbetalipoproteinemia (Type III hyperlipidemia), 
but in other types of hyperlipidemia certain other antilipidemic drugs may prove more effective in 
individual patients particularly where cholesterol is the lipid of greatest concern. 


Clofibrate is not indicated for community-wide prevention of ischemic heart disease. but may be 
useful in patients individually selected for ii dts disorders of fat metabolism which may 
predispose them to an increased risk of neart disease. 


Response to ATROMID-S is variable and it is not always possible to predict from the lipoprotein 
type or other factors which patients will obtain favorable results. It is essential that lipid levels be 
assessed and that the drug be discontinued in any patient in whom lipids are not effectively 
altered. ATROMID-S usually lowers eievated serum triglycerides to a greater extent than elevated 
serum cholesterol. 


CONTRAINDICATIONS: Clofibrate s contraindicated in pregnant women. While teratogenic 
studies have not demonstrated any effect attributable to clofibrate, it is known that serum of the 
rabbit fetus accumulates a higher concentration of clofibrate than that found in maternal serum, 
and it is possible that the fetus may not have developed the enzyme system required for the 
excretion of clofibrate. 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the milk 
It is contraindicated in patients with clinically significant hepatic or renal dysfunction. 


It is contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases. 


WARNINGS: 


In a large prospective study involving 5,000 patients in a clofibrate-treated group and 5,000 
in a placebo-treated group followed for an average of five years on drug or placebc and one 
year beyond (the WHO study), there was a statistically significant 3696 higher mortality due to 
noncardiovascular causes in the clofibrate-treated group than in a comparable placebo 
group. Half of this difference was due to malignancy; other causes of death included 
postcholecystectomy complications and pancreatitis.? In another prospective study involv- 
ing 1,000 clofibrate- and 3,000 placebo-treated patients followed for an average of six years 
on drug or placebo (the Coronary Drug Project study), the noncardiovascular mortality rate, 
including that of malignancy, was not significantly different in the clofibrate- and placebo- 
treated groups.? This should not be interpreted to mean that clofibrate is not associated with 
an increased risk of noncardiovascular death because the patients in the Coronary Drug 
Project were much older than those in the WHO study and they all had had a previous 
myocardial infarction so that the deaths in the Coronary Drug Project were overwhelmingly 
due to cardiovascular causes and it would have been very difficult to discern a clofibrate- 
associated risk of death due to noncardiovascular causes if it existed. Both studies dem- 
onstrated that clofibrate users have twice the risk of developing cholelithiasis and cholecys- 
titis requiring surgery as do nonuse's. 


A potential benefit of clofibrate was. however, reported in the WHO study which involved 
patients with hypercholesterolemia and no history of myocardial infarction or angina pec- 
toris. In this study, there was noted a statistically significant 2596 decrease in subsequent 
nonfatal myocardial infarctions in the clofibrate-treated group when compared with the 
placebo group. There was no differerce in incidence of fatal myocardial infarction in the two 
groups. If the study had been continued longer, had included diet, had been restricted to 
patients who had both hyperlipidemia and increased risk factors and who obtained signifi- 
cant clofibrate-induced reduction in serum lipids, it is possible that it may have shown a 
decrease in fatal myocardial infarctions. In the Coronary Drug Project study, which involved 
patients with or without hypercholesterolemia and/or hypertriglyceridemia ànd with a history 
of previous myocardial infarction, there was no significant difference in incidence of either 
nonfatal or fatal myocardial infarction between the clofibrate- and placebo-treated groups.? 


As a result of these and other studies, the following can be stated: 


1. Clofibrate, in general, causes a relatively modest reduction of serum cholesterol and a 
somewhat greater reduction of serum triglycerides. In Type IIl hyperlipidemia, how- 
ever, substantial reductions of both cholesterol and triglycerides can occur with use of 
clofibrate. 


. No study to date has shown a convincing reduction in incidence of fatal myocardial 
infarction. 


A significantly increased incidence of cholelithiasis has been demonstrated consis- 
tently in clofibrate-treated groups, and an increase in morbidity from this complication 
and mortality from cholecystectomy must be anticipated during clofibrate treatment. 


. Several types of other undesirable events have been associated in a statistically 
significant way with clofibrate administration in the WHO or the Coronary Drug Project 
studies. There was an increase n incidence of noncardiovascular deaths reported in 
the WHO study. There was an increase in cardiac arrhythmias and intermittent 
Claudication and in definite or suspected thromboembolic events and angina re- 
ported in the Coronary Drug Project. which was not, however, reported in the WHO 
study. 


. Administration of clofibrate to mice and rats in long-term studies at eight times the 
human dose, and to rats at five times the human dose, resulted in a higher incidence 
of benign and malignant liver tumors than in controls. Lower doses were not included 
in these studies. 


BECAUSE OF THE HEPATIC TUMORIGENICITY OF CLOFIBRATE IN RODENTS AND THE 
POSSIBLE INCREASED RISK OF MALIGNANCY ASSOCIATED WITH CLOFIBRATE IN THE 
HUMAN, AS WELL AS THE INCREASED RISK OF CHOLELITHIASIS, AND BECAUSE 
THERE IS NOT, TO DATE, SUBSTANTIAL EVIDENCE OF A BENEFICIAL EFFECT ON CAR- 
DIOVASCULAR MORTALITY FROM CLOFIBRATE, THIS DRUG SHOULD BE UTILIZED 
ONLY FOR THOSE PATIENTS DESCRIBED IN THE INDICATIONS SECTION, AND SHOULD 
BE DISCONTINUED IF SIGNIFICANT LIPID RESPONSE IS NOT OBTAINED. 
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Concomitant Anticoagulants 

CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTI: 
WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUAI 
BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN THE PROTHROMI 
TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PF 
THROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETI 
MINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Avoidance of Pregnancy 

Strict birth control procedures must be exercised by women of childbearing potential. In patie 
who plan to become pregnant, clofibrate should be withdrawn several months before conc: 
tion. Because of the possibility of pregnancy occurring despite birth control precautions 
patients taking clofibrate, the possible benefits of the drug to the patient must be weighed agai 
possibile hazards to the fetus. 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to con 
serum lipids with appropriate dietary regimens, weight loss in obese patients, control of diabe 
mellitus, etc. 


Because of the long-term administration of a drug of this nature, adequate baseline stud 
should be performed to determine that the patient has significantly elevated serum lipid levt 
Frequent determinations of serum lipids should be obtained during the first few months 
ATROMID-S administration, and periodic determinations thereafter. The drug should be w 
drawn after three months if response is inadequate. However, in the case of xantho 
tuberosum, the drug should be employed for longer periods (even up to one year) provided t 
there is a reduction in the size and/or number of the xanthomata. 


Subsequent serum lipid determinations should be done to detect a paradoxical rise in ser 
cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations of serum chol 
terol peak elevations in midwinter and late summer and decreases in fall and spring. If the dru 
discontinued, the patient should be continued on an appropriate hypolipidemic diet, and 
serum lipids should be monitored until stabilized, as a rise in these values to or above the origi 
baseline may occur. 

During clofibrate therapy. frequent serum transaminase determinations and other liver func 
tests should be performed since the drug may produce abnormaiities in these parameters. Th 
effects are usually reversible when the drug is discontinued. Hepatic biopsies are usually wi 
normal limits. If the hepatic function tests steadily rise or show excessive abnormalities. the d 
should be withdrawn. Therefore use with caution in those patients with a past history of jau 
or hepatic disease. 

Since cholelithiasis is a possible side effect of clofibrate therapy, appropriate diagnostic pr 
dures should be performed if signs and symptoms related to disease of the biliary system s 
occur. 

Clofibrate may produce "fiu like" symptoms (muscular aching, soreness, cramping). The ph 
cian should differentiate this from actual viral and/or bacterial disease 


Use with caution in patients with peptic ulcer since reactivation has been reported. Whether th 
drug-related is unknown. 


Complete blood counts should be done periodically since anemia, and more freque 
leukopenia have been reported in patients who have been taking clofibrate. 

Various cardiac arrhythmias have been reported with the use of clofibrate. 

Several investigators have-observed in their studies that clofibrate may produce a decrea 
cholesterol linoleate but an increase in palmitoleate and oleate, the latter being consid 
atherogenic in experimental animals. The significance of this finding is unknown at this ti 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less frequ 
encountered gastrointestinal reactions are vomiting. loose stools, dyspepsia, flatulence, 
abdominal distress. Reactions reported less often than gastrointestinal ones are heada 
dizziness, and fatigue; muscle cramping, aching, and weakness, skin rash, urticaria, 
pruritus; Gry brittle hair, and alopecia. 

The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular. increased or decreased angina; cardiac arrhythmias; both swelling 
phleb:tis at site of xanthomas 

Dermatologic: skin rash; alopecia; allergic reaction including urticaria; dry skin and dry b 
hair; pruritus 

Gastrointestinal: nausea: diarrhea; gastrointestinal upset (bloating, flatulence, abdominal 
tress); hepatomegaly (not associated with hepatotoxicity); gallstones, vomiting; stomatitis 
gastritis 

Genitourinary: impotence and decreased libido. Findings consistent with renal dysfunctio 
evidenced by dysuria, hematuria. proteinuria, decreased urine output. One patient's renal bi 
suggested “allergic reaction." 

Hematologic: leukopenia; potentiation of anticoagulant effect; anemia; eosinophilia 
Musculoskeletal: myalgia (muscle cramping, aching, weakness); “flu like" symptoms; arthr 
Neurologic: fatigue, weakness, drowsiness; dizziness: headache 

Miscellaneous: weight gain; polyphagia 

Laboratory Findings: abnormal liver function tests as evidenced by increased transami 
(SGOT and SGPT), BSP retention, and increased thymol turbidity; proteinuria: increased cre 
phosphokinase 

Reported adverse reactions whose direct relationship with the drug has not been establi 
peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, increased perspir 
systemic lupus erythematosus, blurred vision, gynecomastia, thrombocytopenic purpura 
DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g d 
divided doses. Some patients may respond to a lower dosage. 

Maintenance: Same as for initial dosage. 

Note: in children, insufficient studies have been done to show safety and efficacy. 
DRUG INTERACTIONS: Caution should beexercised when anticoagulants are given in con 
tion with ATROMID-S. The dosage of the anticoagulant should be reduced usually by on 
(depending on the individual case) to maintain the prothrombin time at the desired | 
prevent bleeding complications. Frequent prothrombin determinations are advisable until 
been cefinitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdo 
should i! occur, symptomatic supportive measures should be taken 

HOW SUPPLIED: No. 243— ATROMID-S—Each capsule contains 500 mg clofibrate, in bott 
100. 
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452 Influence of Coronary Collateral Vessels on the Results of Thallium-201 Myocardial Stress Imaging 


PIERRE RIGO, LEWIS C. BECKER, LAWRENCE S. C. GRIFFITH, PHILIP O. ALDERSON, 
IAN K. BAILEY, BERTRAM PITT, ROBERT D. BUROW and HENRY N. WAGNER, Jr. 


Segmental analysis of thallium-201 perfusion scintigrams at rest and after exercise in 124 patients with angio- 
graphically proved coronary artery disease demonstrates that nonjeopardized coronary collateral vessels may 
account for a normal-appearing thallium-201 scintigram in segments supplied by severely narrowed coronary 
arteries and suggests that coronary collateral vessels can provide relative protection from stress-induced isch- 
emia. Coronary collateral vessels may help maintain relative myocardial perfusion during exercise. In this study 
all 15 coronary arteries that were completely occluded and had no collateral vessels showed a corresponding 
stress perfusion abnormality but only 65 of 92 occluded arteries with angiographically visualized collateral ves- 
sels showed a corresponding stress defect. In 13 hearts with more than 50 percent narrowing of the coronary 
vessels and no collateral vessels, the scintigraphic region supplied by the most severely stenosed vessel always 
became abnormal. 


METHODS 


459 Assessment of Early Ventricular Systole by First Pass Radionuclide Angiography: Useful Method for 
Detection of Left Ventricular Dysfunction at Rest in Patients With Coronary Artery Disease 


ROBERT SLUTSKY, DONALD GORDON, JOEL KARLINER, ALEXANDER BATTLER, STEVE WALASKI, 
JOHN VERBA, MATTHIAS PFISTERER, KIRK PETERSON and WILLIAM ASHBURN 


The first-third systolic ejection fraction obtained with first pass angiography in 32 normal subjects, 31 patients 
with coronary disease and normal contrast ventriculograms and 17 patients with coronary disease and de- 
pressed left ventricular function identified subtle abnormalities of left ventricular function at rest in more than 90 
percent of patients with coronary disease that may not be recognized by total ejection fraction alone. Of the 48 
patients with coronary artery disease 46 (96 percent) had a depressed ejection fraction during the first-third of 
systole, although 31 had a normal total ejection fraction on both contrast and radionuclide angiography. The sen- 
sitivity, specificity and predictive accuracy of this approach support its utility in assessing left ventricular func- 
tion in patients with known or suspected coronary artery disease, but further confirmation and validation are nec- 
essary before this measurement can become an integral part of the clinical evaluation of the patient with a chest 
pain syndrome. 


466 Noninvasive Measurement of Left Ventricular Pressure Throughout Systole 
MICHEL H. BOURGUIGNON and HENRY N. WAGNER, Jr. 


A simple method is proposed for measuring left ventricular systolic pressure based on analysis of the left ven- 
tricular time activity curve, obtained with a scintillation camera or cardiac nuclear probe after intravenous injec- 
tions of technetium-99m albumin or red blood cells. In validation studies in dogs, calculated and observed ven- 
tricular pressure curves were nearly identical in shape and absolute value but in patients, differences in the 
shape and amplitude of the curves were found. Although further validation studies appear necessary, these re- 
sults indicate that the pressure curves obtained provide semiquantitative estimation of hemodynamic changes 
within the left ventricle useful for evaluating ventricular function on the basis of pump performance. 


472 Echocardiographic Analysis of Interatrial Septal Motion 


CHUWA TEI, HIROMITSU TANAKA, TOMOYOSHI KASHIMA, SHCICHIRO NAKAO, MINORU TAHARA 
and TAKUYA KANEHISA 


Echocardiographic analysis of the movement of the mid portion of the interatrial septum in 12 normal subjects 
shows gradual anterior motion in mid and end systale and in early diastole. After reaching the most anterior 
point, it moves posteriorly and during mid diastole shows little motion. Different diagnostic patterns, resulting 
from the changes in the interatrial pressure gradient through each cardiac cycle, were recorded in 19 patients 
with right or left atrial overloading (mitral stenosis or regurgitation, Ebstein’s anomaly, pulmonary hypertension). 
The data indicate that this new method of recording the motion of the interatrial septum is useful in diagnosing 
atrial overloading and in studying hemodynamic events in both atria. 
Continued on page A23 
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The patient-tested : 
laxative 


Effective in 95.4% of 8,553 patients in 44 studies 
(43 published and 1 unpublished) 


Postpartum patients [_] Alfonso Goya, P., Perez Vasquez, A.: Rev Mexico Med 3: No. 16, 1968. 

|] Baldwin, W.F.: Can Med Assoc J 89:566 (Sept. 14) 1963. O Bauer, H.: Ther Ggw 100:528 (Oct.) 
1961. | | Delmas, J.: La Med Practicienne (May) 1970. C Duncan, A.S.: Br Med J 1:439 (Feb. 23) 
1957. | |] Girotti, M., Hauser, G.A.: Praxis 53:3 (Dec. 10) 1964. (] Gonzalez Genoves, M.: Rev 
Bibliografia Med Internac No. 329 (Nov.) 1968. | | Goodman, M.: Scientific Exhibit, AMA Clinical 
Meeting, Los Angeles (Nov.) 1962. L] Kasdon, S.C., Morentin, B.O.: J Int Coll Sur 31:455 (April) 1959. 
L] Leandro Cuevas, M., Ramirez Varela, E.: Semana Med de Mexico 53: No. 742 (Sept. 27) 1968. 

L] Monias, M.B.: Md State Med J 15:32 (Feb.) 1966. [ | Peterson, W.F.: Unpublished report of 2,373 
cases of puerperal constipation, in the files of The Purdue Frederick Company. O Scott, R.S.: Western 
Med 6:342 (Dec.) 1965. | | Suarez, J., et al.: Int Rec Med 173:639 (Oct.) 1960. O Wager, H.P., Melosh, 
W.D.: Quart Rev Surg Obstet Gynecol 15:30 (March) 1958. Drug induced constipation [ ] Goodman, 
M.: Scientific Exhibit AMA Clinical Meeting, Los Angeles (Nov.) 1962. |] Haward, L.R.C., Hughes- 
Roberts, H.E.: Gut 3:85, 1962. | | Izard, M.W., Ellison, F.S.: Conn Med 26:589 (Oct.) 1962. C] Rider, 
J.A., Moeller, H.C.: Clin Med 72:1645 (Oct.) 1965. | | Sarles, H., Camatte, R.: La Provence Medicale 
38:3 (Dec.) 1970. | | Shaftel, H.E., et al.: Angiology 11:480 (Oct.) 1960. Postsurgical patients 

[ ] Bauer, H.: Ther Ggw 100:528 (Oct.) 1961. O Corral Manrique, E., et al.: Rev La Prensa Med 
Mexicana 32:3 (Jan.-Feb.) 1968. | ) Delmas, J.: La Med Practicienne (May) 1970. O Goodman, M.: 
Scientific Exhibit, AMA Clinical Meeting, Los Angeles (Nov.) 1962. |] Leandro Cuevas, M., Ramirez 
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478 Computerized Echocardiographic Analysis to Detect Abnormal Systolic and Diastolic Left Ventricular 
Function in Children With Aortic Stenosis 


MARK J. FRIEDMAN, DAVID J. SAHN, HARRY A. BURRIS, HUGH D. ALLEN and 
STANELY J. GOLDBERG 


Computer analysis of M mode echocardiograms used to analyze left ventricular diastolic and systolic dynamic 
function from a ventricular M mode echocardiogram alone suggests that abnormal systolic and diastolic left ven- 
tricular performance occur in some children with aortic stenosis and left ventricular hypertrophy. Compared with 
the 52 normal children, the 30 children with catheterization-proved aortic stenosis showed a statistically smaller 
and thicker walled left ventricle and increased fractional shortening of the left ventricular minor axis. Although 
velocity measurements allowed separation of the normal from the abnormal group, they did not correlate closely 
with left ventricular systolic pressure or wall thickness. Computer analysis of M mode echocardiograms allows 
measurements that are not otherwise possible and promises to extend the utility of M mode echocardiography. 
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487 Echocardiographic Assessment of the Adequacy of Pulmonary Arterial Banding 
EULOGIO J. GARCIA, THOMAS RIGGS, STEPHEN HIRSCHFELD and JEROME LIEBMAN 


In this study of 21 patients echocardiographically measured right and left ventricular systolic time intervals 
proved useful for evaluating the adequacy of pulmonary arterial banding and to facilitate their postoperative fol- 
low-up. The right ventricular preejection/ejection time (RPEP/RVET) ratio correlated with both diastolic (r = 
0.94) and systolic (r = 0.36) pulmonary arterial pressures distal to the band and clearly differentiated patients 
with an adequate band (distal pulmonary arterial diastolic pressure less than 15 mm Hg) from those with an inad- 
equate band (distal pulmonary arterial distolic presssure 30 mm Hg or more). The changes in left ventricular pre- 
load resulting from pulmonary arterial banding were less profound than alterations in right ventricular systolic 
time intervals and not useful in assessing the pulmonary vascular bed. Patients with an RPEP/RVET ratio = 0.30 
should be followed up closely. If the ratio remains elevated, they are likely to have an inadequate pulmonary ar- 
terial band and should have repeat cardiac catheterization. 


493 Dilatation of the Descending Aorta: A Radiologic and Echocardiographic Diagnostic Sign in 
Arteriovenous Malformations in Neonates and Young Infants 


DAVID W. SAPIRE, ALFONSO CASTA, RICHARD M. DONNER, RICHARD |. MARKOWITZ and 
MARIE A. CAPITANIO 


Although the most frequently reported radiologic findings in infants with arteriovenous malformations are cardio- 
megaly, increased pulmonary vasculature and a widened superior mediastinum, this report of 11 infants empha- 
sizes that the radiographic and echocardiographic findings of a dilated descending aorta are more specifically 
associated with arteriovenous malformations in the neonate and infant. Conditions associated with gross cardio- 
megaly, severe right ventricular hypertrophy and congestive heart failure in the newborn child include total 
anomalous pulmonary venous return, coarctation of the aorta, hypoplastic left heart syndrome and arteriovenous 
malformations. Combined radiographic and echocardiographic features, including an overall enlargement of the 
heart and descending aorta so that the left atrial and left ventricular posterior walls lie in close proximity to the 
large descending aorta in the frontal view of the chest roentgenogram, can lead to the suspicion and even accu- 
rate diagnosis of arteriovenous malformation as a relatively uncommon but important cause of congestive heart 
failure in the neonate and young infant. 


498 Incessant Atrial Tachycardia in Childhood: Association With Rate-Dependent Conduction in an 
Accessory Atrioventricular Pathway 


MICHAEL L. EPSTEIN, FREDERICK M. STONE and DAVID G. BENDITT 


Electrophysiologic data in a 7 year old boy with incessant atrial tachycardia support the view that in some pa- 

tients this arrhythmia may be due to reentry utilizing a concealed accessory atrioventricular (A-V) pathway that 

manifests slow conduction properties and is anatomically separate from the A-V node. In this patient the A-V 

pathway conducted only in the ventriculoatrial direction with the retrograde limb of the circuit entering the atrium 

in the region of the proximal to mid coronary sinus. Attempts to terminate the tachycardia by rapid atrial pacing 

and by insertion of programmed premature extrastimuli in the right atrium and coronary sinus were unsuccessful, 
Continued on page A27 
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but coincident with a venipuncture and presumably due to vagal influence, the tachycardia cycle lengthened pro- 
gressively and the arrhythmia terminated temporarily, but the ensuing sinus rhythm lasted only momentarily. 


STUDIES IN HYPERTENSION 


505 Systolic Hypertension: Hemodynamic Mechanism and Choice of Antihypertensive Treatment 


ALAIN C. SIMON, MICHEL A. SAFAR, JAIME A. LEVENSON, ADEL M. KHEDER AND 
BERNARD |. LEVY 


Measurement of arterial compliance and indexes of ventricular ejection in 27 men with systolic hypertension be- 
fore and after the administration of propranolol and sodium nitroprusside show that hemodynamic mechanisms 
differ in patients less than 35 years of age and older patients. Increased sympathetic tone may be operating in 
young patients with systolic hypertension. Propranolol prolonged the rapid ejection time and markedly de- 
creased the systolic pressure. In older patients indexes of ventricular ejection were normal, but arterial compli- 
ance was significantly reduced. The reduced arterial compliance in older patients could be due either to an alter- 
ation in the arterial wall which increases rigidity or to a diminution of aortic distensibility occurring with greater 
diastolic pressure levels. These different hemodynamic patterns must be kept in mind when selecting hyperten- 
sive treatment. Blocking drugs that prolong the rapid ejection time are better in younger patients; nitroprusside- 
like drugs that increase arterial compliance are indicated in older people. 


REPORTS ON THERAPY 


513 Suppression of Ventricular Arrhythmias With Intravenous Disopyramide and Lidocaine: Efficacy 
Comparison in a Randomized Trial 


JAMES A. SBARBARO, DAVID A. RAWLING and HARRY A. FOZZARD 


In this randomized controlled clincal trial in 26 patients with clinically significant ventricular arrhythmias intrave- 
nous disopyramide appeared more effective than lidocaine in suppressing premature ventricular complexes in 
a wide spectrum of patients with acute cardiac disease. Patients with severe myocardial dysfunction who have 
low levels of systemic blood pressure are at increased risks of disopyramide-induced cardiac depression and 
hypotension. Intravenous disopyramide is especially effective in patients with serious ventricular arrhythmias 
not responsive to lidocaine. These two drugs may have different electrophysiologic effects and the use of both 
in concert may prove helpful in patients with acute ventricular arrhythmias refractory to currently available 
agents. 


521 Effective Treatment of Supraventricular Arrhythmias With Acebutolol 
DAVID O. WILLIAMS, RONALD TATELBAUM and ALBERT S. MOST 


The intravenous administration of acebutolol, a new beta adrenergic blocking agent, to 15 monitored patients 
with supraventricular arrhythmias produced significant reductions in heart rate at 5 minutes and peak reduction 
at 10 to 30 minutes. Antiarrhythmic activity persisted for 24 hours. Two patients with atrial fibrillation and one 
with multifocal atrial tachycardia converted to sinus rhythm. Frequent premature atrial complexes were greatly 
suppressed. This drug appeared effective for the treatment of supraventricular arrhythmias, especially in those 
with chronic obstructive lung disease. A mild sustained reduction in the systolic blood pressure was observed, 
from 127 + 6 to a peak decrease to 113 + 6 mm Hg at 30 minutes. In three patients systolic blood pressure de- 
creased to less than 90 mm Hg. These observations emphasize the need to carefully monitor blood pressure and 
cardiac rhythm during and after acebutolol administration. 


526 Clinical Electrophysiologic Effects of Encainide, a Newly Developed Antiarrhythmic Agent 
MAGDI SAMI, JAY W. MASON, FLORA PETERS and DONALD C. HARRISON 


The intravenous administration of encainide, a newly developed antiarrhythmic agent, significantly pro^ 
H-V and QRS intervals in all 10 patients with coronary artery disease by an average of 31 + 7 and 19” 
cent, respectively, indicating its ability to prolong conduction in the His-Purkinje system. There 
changes affecting conduction or refractoriness of other parts of the cardiac conduction syste” 
verse reactions were observed. These results suggest encainide resembles class | ant* 
some of its electrophysiologic properties but differs in its lack of significant effects on re 

Continued on page A32 
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Warning: This fixed combination drug is not 
indicated for initial therapy of aypertension 
Hypertension requires therapv titrated to the 
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Indication: The drug is indicated in the treatment 
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Warnings: Tolerance may develop in some in- 
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Usage in Pregnancy: In view of 2mbryotoxicity 
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should be advised of the sedative effect of the 
cionidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol. 
berbiturates and other sedatives. Like any other 
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Combipres, because of the hyperglycemic effect 
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duction system and in not reducing blood presssure or accelerating the heart rate. This drug should probably not 
be used in conjunction with quinidine-like drugs, which significantly prolong the H-V and QRS intervals, because 
the combination may present a risk especially in patients with disturbances of His-Purkinje conduction. 


533 Management of Vasospastic Angina at Rest With Continuous Infusion of Isosorbide Dinitrate: A Double 


Crossover Study in a Coronary Care Unit 


ALESSANDRO DISTANTE, ATTILIO MASERI, SILVA SEVERI, ANDREA BIAGINI and SERGIO CHIERCHIA 


This double crossover study with intravenous infusion of isosorbide dinitrate and infusion of saline solution in 12 
patients with frequent transient ischemic episodes indicated that the former was a very effective treatment for 
patients with vasospastic angina at rest. Although the mechanisms by which nitrates are effective in relieving 
or preventing episodes of transient myocardial ischemia are not fully understood, the relaxing effect on large 
coronary arteries may represent the principal mechanism of action in vasospastic angina. Side-effects were 
negligible. In patients with severe recurring symptoms these investigators recommend continuous intravenous 
infusion of isosorbide dinitrate, up to 15 mg/hour, and the sublingual form, 2.5 to 5 mg every 1 or 2 hours. This 
regimen can be supplemented with 80 mg orally in a sustained-action capsule at night or isosorbide dinitrate 
paste, 200 mg three times daily with progressive slow tapering to smaller doses as symptoms recede. 


540 Marked Early Attenuation of Hemodynamic Effects of Oral Prazosin Therapy in Chronic Congestive 


Heart Failure 


URI ELKAYAM, THIERRY H. LeJEMTEL, MITLESH MATHUR, HILLEL S. RIBNER, 
WILLIAM H. FRISHMAN, JOEL STROM and EDMUND H. SONNENBLICK 


In contrast to the significant favorable effect demonstrated initially with prazosin on heart failure refractory to 
digitalis, diuretic drugs and long-acting nitrate therapy, no significant hemodynamic changes were noted after 
the administration of the fifth consecutive dose. These data suggest an early development of tolerance to pra- 
zosin and raise doubt concerning its value in the ambulatory treatment of patients with chronic congestive heart 
failure. The primary effects on left ventricular filing pressure and right atrial pressure suggest that prazosin is 
mainly a venodilating agent with less effect on the arterial bed. These results and the absence of significant side 
effects to this therapy may warrant the use of this oral vasodilatory agent to overcome an acute episode of con- 
gestive heart failure. 


546 Psychosocial Status of Patients Randomly Assigned tc Medical or Surgical Therapy for Chronic Stable 


Angina 


JULIA S. BROWN and MAY E. RAWLINSON 


Although no statistically significant differences in mortality, incidence of myocardial infarction or unstable angi- 
na unresponsive to medical management were found between patients receiving surgical and medical treat- 
ment, the incidence of unstable angina requiring operation or reoperation was significantly greater among medi- 
cally than among surgically treated patients. Among the 46 persons with three vessel disease, the surgically 
treated group demonstrated greater symptomatic improvement, performed better on exercise tests and reported 
a greater capacity for physical activity without discomfort. In a subset no differences between medically and sur- 
gically treated patients were found in work performance, social participation, family functioning or adjustment 
and satisfaction with their lives. Psychologic and socia! outcomes appear slightly more favorable in patients 
treated surgically than in those treated medically. 


REVIEWS 


555 Trends in Cardiovascular Surgery (1961 to 1977): Review of The New York City and State Experience 


SYLVIA P. GRIFFITHS, BERNARD M. ZAZULA, DELTON COURTNEY, FRANK C. SPENCER and 
JAMES R. MALM 


Statistical data on cardiac surgery in New York City from 1961 through 1977 and in New York State in 1977 dis- 

close that (1) The ratio of open heart surgery for congenital versus acquired heart disease reversed from 2:1 in 

1961 to 1:6 by 1977; (2) the number of procedures for valvular and coronary artery disease increased; open 

heart surgery for congenital heart disease increased until 1974 and then decreased, but the number of closed 

heart operations remained relatively constant; the number of coronary bypass operations increased 7-fold since 
Continued on page A34 
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RY OF PRESCRIBING INFORMATION 


Indications: Based on a review of this drug by The 
National Academy of Sciences —Nationol Research 
Council and/or other information, FDA has classified the 
indications as follows: 

“Probably” effective: The sublingual dosage form of 
SORBITRATE is indicated for the treatment of acute 
anginal attacks and for prophylaxis in situations likely 
to provoke such attacks. 

Final clossification of the less-than-effective indications 
requires further investigation. 
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of the acute phase of myocardial infarction are insufficient to 
establish safety. 

Precautions: Tolerance and cross tolerance to other nitrates may 
occur. 

Adverse Reactions: Headache which may be severe and 
persistent. Lowering the dose and using analgesics will help 
control the headaches which usually diminish or disoppeor as 
therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation 
with flushing: transient dizziness and weakness as well as other 
signs of cerebral ischemia associated with postural hypotension; 
individual marked sensitivity to the hypotensive effects of nitrates 
wherein severe responses can occur even with the usual thera- 
peutic dose (alcoho! moy enhance this effect): drug rash and/or 
exfoliative dermatitis. 
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This drug can act os a physiological antagonist to norepineph- 
Dosage Schedule: Smallest effective dose necessary for the 

prevention and treatment of pain of on angina attack. 

SORBITRATE 9 Sublingual (isosorbide dinitrate) may be token for 

prompt relief of angino pain three or four times daily. Although 

the onset and duration of effect of coronary nitrates moy vary, 

following is the generally reported range of these values for 

SORBITRATE® Sublingual. 

Onset of Effect: Two to five minutes. 

Duration of Effect: One to two hours. 


Div. of ICI Americas Inc. 
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1970. Mortality for coronary arterial bypass grafting decreased from 8 percent in 1970 to less than 3 percent in 
the last years. From an economic standpoint the number of centers for current and anticipated cardiovascular 
surgical needs may be excessive. 


CASE REPORTS 


563 Prenatal Closure of the Foramen Ovale in Complete Transposition of Great Vessels: Observations in 


a Case With Intact Ventricular Septum and Normally Developed Left Heart Chambers 


DILIP R. BHATT and KENNETH L. JUE 


Premature closure of the foramen ovale in an infant with d-transposition of the great vessels with intact ventricu- 
lar septum and normal development of the left side of the heart produced asphyxia neonatorum, cardiac failure 
in the early neonatal period and death of the infant shortly after primary cesarian section. In this patient the flow 
to the pulmonary circuit was accomplished by retrograde filling of the patent ductus arteriosus from the aorta. 
The ductus arteriosus was only probe-patent at autopsy. Closed atrial septectomy (Blalock-Hanlon procedure) 
is indicated for relief of this rare and usually fatal anomaly. 


566 Innominate Arterial Arteriovenous Fistula Complicating Retrograde Brachial Arterial Catheterization 


DANIEL W. van HEECKEREN, ROBERT E. BOTTI and ALAN M. COHEN 


Arteriovenous fistula of the innominate artery after retrograde brachial arterial catheterization occurred in a 61 
year old man 3 weeks after this procedure was performed. Arterial laceration is the first step in the development 
of acquired arteriovenous fistula. Administration of heparin, as in this patient, inhibits thrombus formation at the 
laceration, setting the stage for hemorrhage and aneurysm formation. When known arterial injury has occurred 
and hematoma is encountered in the course of a procedure requiring heparinization, it is recommended that the 
area be explored and the source controlled before heparin is given. Known injuries to cervical or thoracic arte- 
ries occurring just before operation requiring extracorporeal! circulation should be explored to prevent late com- 
plications. 


569 Mural Vegetations at the Site of Endocardial Trauma in Infective Endocarditis Complicating Idiopathic 


Hypertrophic Subaortic Stenosis 


THIERRY H. LeJEMTEL, STEPHEN M. FACTOR, MORDECAI KOENIGSBERG, MICHAEL O'REILLY, 
ROBERT FRATER and EDMUND H. SONNENBLICK 


Infective endocarditis occurs in 5 to 9 percent of patients with idiopathic hypertrophic subaortic stenosis. This 
report describes two patients with this complication who had vegetations in the left ventricular outflow tract at 
the site where the mural endocardium was thickened in apposition to the anterior mitral valve leaflet. This local- 
ization suggests that endocardial trauma occurring with systolic anterior motion of the mitral valve may provide 
a fertile nidus for the development of bacterial vegetation. Echocardiography in patients with sepsis are valuable 
to detect vegetations consistent with infective endocarditis, select patients with confirmed endocarditis who 
have severe disease requiring surgical intervention, and facilitate recognition of preexisting but unsuspected 
cardiac abnormalities, such as unsuspected idiopathic hypertrophic subaortic stenosis. 
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CORRECTION 


An error appeared in the abstract on page 801 of the April issue (Rogers WJ, Segall PH, McDaniel 
HG, Mantle JA, Russell RO, Jr., Rackley CE: Prospective randomized trial of glucose-insulin- 
potassium in acute myocardial infarction. Effects on myocardial hemodynamics, substrates and 
rhythm. Am J Cardiol 43:801—809, 1979). The concentration of glucose should have been listed 
as 300 g to conform with the correct listing under the Methods section on page 802. 
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the computer center and transmits 
3-channel patient data over phone lines 
Your EK-5AS starts recording, auto- 
matically sampling each lead for over- 
reading the computer analysis of the 
3-channel patient data. 

The combination of single-channel 
EK-5AS and TR-1 transmitter provides 
you with a low-cost, attractive and reli- 
-5AS electrocardiograph. Result: able matched system. The complete 
ophisticated, yet simple system that system is mounted in a mobile cart with 
vides transmission of 3-channel phone handset and coupler. 


If you've thought of using computer 
hnology in your ECG practice, but i —  — 
ayed the decision because of cost, " O ozi ` 
rdick has a new, cost-effective way EEEE EE 2 
you to add this useful and beneficial 
ient service. 

Burdick’s TR-1 ECG transmitter is 
answer. It combines with the 
bendable, economical Burdick 


















brmation for computer-assisted analysis. For more information about this easy entry to specialized 
If you already have a Burdick EK-5AS, EK-5A with minor cardiology service, or a demonstration, call toll-free 800-356-0701 
dification or other single-channel electrocardiograph, you can Within Wisconsin 608-868-7631. 
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1. You get the benefits of 3-channel computer-assisted 


alysis with the simplicity of cost-saving, single-channel record- The Burdick Corporation e UN 2 
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New thinking intune 
with today’s antihypertensive 
life-style 
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Hemodynamic harmony Fewer discordant side effects 
With today’s medical emphasis on Apresoline, an oral antihypertensive 
full control of hypertension, the need is fo agent whose only action is direct arteri- 
therapy that will not create new problems olar dilation, avoids many of the problems 
for your patients in place of the ones associated with some adrenergic 


it solves. 

Accordingly, more and more 
physicians are discovering the 
logic of combining a diuretic, 
Apresoline, anda beta 
blocker. 1-8 

Unlike beta blockers, 
Apresoline, an oral vasodilator, 
acts directly to reduce the high 

eripheral resistance that is *the 
penj iE hallmark of all hyper- 
tensive diseases. ..."? 

Unlike Apresoline, beta blockers 
specifically reduce cardiac output, which 
tends to rise by reflex action with vaso- 
dilation. !-8 

Thus, together, both agents tend to 
support each other’s strengths and 
minimize weaknesses. 


inhibitors. Sexual dysfunction, 
drowsiness, lethargy, and 
sedation are virtually unknown. 
Postural hypotension is rare. 
As with any antihy- 
pertensive agent, use with 
caution in patients with 
advanced renal damage. 
Contraindicated in coronary 
artery disease. 
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Apresoline® hydrochioride 
(hydralazine hydrochloride USP) 


TABLETS 


INDICATIONS 

Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 

Hypersensitivity; coronary artery disease; mitral val- 
vular rheumatic heart disease. 

WARNINGS 

Hydralazine may produce in a few patients a clinical 
picture simulating systemic lupus erythematosus. In 
such patients hydralazine should be discontinued 
unless the benefit-to-risk determination requires con- 
tinued antihypertensive therapy with this drug. Symp- 
toms and signs usually regress when the drug is 
discontinued but residua have been detected many 
years later. Long-term treatment with steroids may be 
necessary 

Complete blood counts, L.E. cell preparations and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy even though patient is asymptomatic. These 
studies are also indicated in the presence of any un- 
explained symptoms. 





A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician carefully 
weigh the implications of the test results against the 
benefits to be derived from antihypertensive therapy 
with hydralazine. 

Use MAO inhibitors with caution. 

When other potent parentera! antinypertensive drugs, 
such as diazoxide, are used in combination with hy- 
dralazine, patients should be continuously observed 
for several hours for any excessive fall in blood pres- 
sure. Profound hypotensive episodes may occur 
when diazoxide injection anc Apresoline (hydralazine 
hydrochloride) are used concomitantly. 

Usage in Pregnancy 

Animal studies indicate that hydralazine is 
teratogenic in mice, possiblyan rabbits, anc not in 
rats. Teratogenic effects observec were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience does not include any pos- 
itive evidence of adverse effects an the human fetus, 
hydralazine should not be used during pregnancy 
unless the expected benefit clearly justifies the poten- 
tial risk to the fetus. 

PRECAUTIONS 

Use Cautiously in suspected coronary artery or other 
cardiovascular diseases, cerebral vascular acci- 
dents, and advanced renal damace. Postural 
hypotension may occur, anc the pressor response to 
epinephrine may be reduced. 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has Been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and addition of pyridoxine to the regimen if symptoms 
develop 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red celi count, leukopenia, agranulocy- 
tosis, and purpura, have been reported rarely. If such 
abnormalities develop, discontinue therapy. Periodic 
blood counts are acvised during prolonged therapy. 
ADVERSE REACTIONS 

Common: Headache; palpitations; anorexia; nausea; 
vomiting; diarrhea; tachycardia: angina pectoris. 
Less frequent: Nasal congestion; flushing; lacrima- 
tion; conjunctivitis; peripheral neuritis, evidenced by 
paresthesias, numbness, and tingling; edema; dizzi- 
ness; tremors; muscle cramps: psychotic reactions 
characterized by depression, disomentation, or anx- 
iety; hypersensitivity (including rash, urticaria, 
pruritus, fever, chills, arthralgia, eosinophilia, and, 
rarely, hepatitis); constipation; difficulty in micturition; 
dyspnea; paralytic ileus; lymphadenopathy; 
splenomegaly; blood dyscrasias, consisting of reduc- 
tion in hemoglobin and red cell count, 'eukopenia, 
agranulocytosis, and purpura; hypotension; paradox- 
ical pressor response. 


DOSAGE 
Initiate therapy in gradually increasing dosages; ad- 


just according to individual response. Start with 10 mc 


4 times daily for the first 2 to 4 days, increase to 

25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage to 
50 mg 4 times daily. For maintenance, adjust dosage 
to lowest effective level. 

The incidence of toxic reactions, particularly the L.E. 
ceil syndrome, is high in the group of patients receiv- 
ing large doses of Apresoline. 

In a few resistant patients, up to 300 mg Apresoline 
daily may be required for a significant antinyperten- 
sive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combining 
therapy, individual titration is essential to insure the 
lowest possible therapeutic dose of each drug. 
HOW SUPPLIED 

Tablets, 10 mg (pale yellow, dry-coated); bottles of 
100 and 1000. 

Tablets, 25 mg (deep blue, dry-coated) and 50 mg 
(light blue, dry-coated); bottles of 100, 500, 1000 and 
Accu-Pak* blister units of 100. 

Tablets, 100 mg (peach, dry-coated ); bottles of 100. 
665114 C78-41 (1/79) 


Consult complete product literature before 
prescribing. 

CIBA Pharmaceutical Company 

Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


126-92481 


extends the advantages of 
beta-blocker therapy 
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Two new Lithium Pulse Generators 
from Siemens-Elema, 

the people who pioneered with the 

first implanted pacemaker in 1958. 


Dr. Rune Elmqvist of Siemens-Elema and Dr. Ake Senning developed the pulse generator implanted by Dr. Senning in 1958 for the world's first pacemaker implantation. 
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Soft, convex-concave design. 


Hermetically sealed 
itanium encapsulation. 


ighly reliable hybrid circuitry. 
ithium-lodine power source. 


wo separate battery 
epletion indicators. 


angential lead connection. 


SIEMENS-ELEMA 


U.S. Pacemaker Division, Elema-Schonander, Inc. 
Box 128, Elk Grove Village, Illinois 60007; (312) 640-6460. 
World Headquarters, Pacemaker Division, S17195, Solna, Sweden 


The unique Vario" non-invasive 
threshold measurement system 
in the ventricular inhibited 629. 
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* Magnet placed over implanted 


generator initiates test sequence: 
Battery test mt ie (phase 1). 
Vario cycle (phase 2) for 
threshold determination. 


e Compatible pin-type leads. 


* Hermetically sealed 
titanium encapsulation. 


* Lithium-lodine power source. 


* Two separate battery 
depletion indicators. 
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He Just Threw A PVC. 


Non-Fade Display Signal monitor has features to give you the time to 
) 


Freeze And Write-From- 
Memory Recorder Let 
You See, Study And 
Record Signals Before 
They Disappear. 


Your accurate diagnosis often depends on 
being able to study the slightest of indi- 
cators: an unrepeated arrhythmia; a one 
mm change in the ST level. When you see 
it, you want more than a few seconds to 
study it. 

So. our Model 633 three channel ECG 


see, study and record. Which is what you'd 
expect from Quinton, the stress test people. 


Non-Fade Display. 
For A Closer Look 

The 633's easy to read scope displays three 
channels of ECG data plus 
a digital heart rate. The 
tracings remain sharp and 
bright across the entire 
screen. 

Sweep speed control 
lets you adjust the number | a ay 
of complexes visible on the "moo 
screen. 5o you can expand a complex at 100 
mm, or compare many complexes at 25 and 
50 mm settings. 
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Signal Freeze. 
For A Longer Look 


Even professional 
observers need time to 
make accurate decisions. 
hat's why Quinton's 633 
includes a control for 
freezing all three channels £ 
of ECG on the screen. 

Additionally, each channel has its ov 
Gain control for adjusting sigmal ampli 
and position. 


Write-From-Memory Recor 
For A Documented Look 


The 633's write-from-memorv featur 
stores three channels of data inmemory 
up to tour seconds (at 25 mm per seco 


‘(a UI, 


uinton G 


p speed). At the touch of a button the 
d data can be recorded. 

s your "instant replay” to assure that if 
see a significant event you'll be able to 
iment it even though the recorder may 
ave been engaged at the time of 
vent. 


b 633's Flexibility 
1 Expandability 


e Quinton 633 automatically delivers 

lard 12-lead ECG lead combinations 
standardization pulse. 

t, the 633 goes one step further. 

ton can program the system for you so 

'ombination of three leads from the 
ard 12 will be continually monitored 

'orded when desired. 
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ives You A Second Look 
EN You can add a full 
~- complement of com- 


œ ponents to the 633 to 








Quinton's Treadmill 
« Control for remote 

Lv | 

control, Treadmill 


a 


Programmer for protocol flexibility, 
Defibrillator for emergencies, and an 
ST Computer for fast, 
accurate calculations. 
All can be interfaced 
with the three-channel 
monitor in one compact system (as shown 
above). 


You may not need these functions now, 


but it’s nice to know that when you do, all 


= create as sophisticated 
+ system as required: 











the components are readily available, fully 
compatible with the monitor and can be 
installed in minutes. 

That's efficiency and sophistication from 
Quinton, the stress test people. 

If vou want a second look at the three- 
channel ECG monitor that gives you a 
second look, call toll free 1-800-426-0538, 
or talk with your Quinton representative. 


Quinton 


instrument co. 


The Stress Test People 


2121 Terry Avenue, 
Seattle, Washington 98121 206/223-737 


Treadmills Prove The 


Reliability Is The Only Releva 
Measure Of A Good Treadmil 


When you conduct a stress test, you probably do 
that it was Quinton who perfected the treadmill 22 
ago, and still sets the standards for treadmill perfort 
today. 

Nor do you care that Quinton is the most popula 


mill in the world. 
Nor do you care that Quinton offers six treadmill 





aliability Test After Test After Test 


speed ranges from .7 to 25 MPH and grade ranges Proven reliability is why more hospitals, clinics, private 
0 to 40%. practices and research labs specify Quinton than any 

r do you care about our treadmills’ indestructable other brand. 

luminum components, welded construction, life-time So, if you're considering a treadmill, first talk to someone 
cated ball bearings and heavy duty motor. who owns a Quinton. Then give us a call toll tree at 


», you probably don't notice any of these features 1-800-426-0538. - 
g a stress test. In on 


t, you donotice that whenever you turn on a Quinton, 
rks. And when you accelerate, or elevate our treadmill The Stress Test People 
ponds smoothly and accurately. Test after test. 2121 Terry Avenue, Seattle, Washington 98121 206/223-7373 


instrument co. 
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LANOXIN* 


(DIGOXIN) * 

TABLETS 0.125 mg Scored (yellow), 1.D. Imprint Y3B 
0.25 mg Scored (white), |.D. Imprint X3A 
0.5 mg Scored (green), I.D. Imprint T9A 


LANOXIN* 


(DIGOXIN) 


ELIXIR PEDIATRIC 50 mcg (0.05 mg) per cc 


INDICATIONS: 
1. Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
increased cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
oe of right (venous congestion, edema) and left (dyspnea, orthopnea, cardiac asthma) 
eart failure. 

Digoxin, generally, is most effective in “low output” failure and less effective in "high output" 
(bronchopulmonary insufficiency, infection, hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness are relieved and any concomitart congestive failure ameliorated. Digoxin should be 
continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
may be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
type. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 


4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
to lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 


5. Cardiogenic shock: The drug is often employed, especially when the condition is accompanied 
by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of toxic effects (see ADVERSE REACTIONS section) in- 
duced by any digitalis preparation is a contraindication to all of the glycosides. 

iad though rare, does occur. It may not extend to all preparations, and another may be 
tried. 
Ventricular fibrillation. 
WARNINGS: 

















































































Digitalis alone or with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 


Cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous. 


Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheld if permitted by the clinical situation. 

The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and Cautiously approached than in more mature 
infants. Impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
continued as soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially wien severe, are unusually sensitive to digoxin and 
prone to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
relatively low doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
to hg oe treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin. 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis, and from 
suction of gastrointestinal secretions. It may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general, rapid changes in serum potassium or 
other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved on 
for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCE 
BY OVERDOSAGES section). 

Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects contractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

In myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher. 

In incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
omplete heart block may develop if digoxin is given. Heart failure in these patients can usually 
controlled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
nless cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
atients with renal disease. Note: This applies also to potassium administration should it become 
cessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
lixirs, iy tablets should be taken into account when switching patients from one preparation 
o another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 





Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest, and prolongation of PR intervel. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 

Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled heart failure may also 
produce such symptoms. 

Ee nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 
apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmal nodal rhythms, atrioventricular (inter- 
ference) dissociation and paroxysma! atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may alse induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea, neurologic and visual disturbances are rare as initial Signs. 
Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 
Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be all that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is low or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

4s am amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and Cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia is urgent, 
approximately 05 milliequivalents/kilogram of potassium per hour may be given, with careful 
electrocardiographic monitoring, as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 


DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint in terms of total 
amount accumulated. 

In previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

In previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with norma! renal function. 

It cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 


Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 


Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms (mcg)/kilogram. 

Infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms (mcg)/kilogram. 

Children, over 10 years of age, require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

i eid children with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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In 30 of 1,002 consecutive patients who had left heart catheterization and 
cineangiography for evaluation of either ischemic heart disease or car- 
diomyopathy the electrocardiogram showed giant negative T waves 
(greater than 10 mm) associated with high QRS voltage (R wave greater 
than 26 mm in lead V5 or the sum of the S wave in lead V, and the R wave 
in lead V5 35 mm or more) in the precordial leads despite absence of 
hypertension or significant coronary artery disease. In all 30 patients a 
characteristic spade-like configuration (concentric apical hypertrophy) 
was observed in the right anterior oblique ventriculogram at end-diastole 
as well as in the long axis two dimensional echocardiogram. 

The average apical thickness in these patients (24.8 + 6.6 mm) was 
significantly greater than that in normal subjects (9.4 + 3.1 mm) (P 
« 0.001) or in patients with hypertrophic obstructive cardiomyopathy 
(14.7 + 5.0 mm) (P <0.001). Values for both the mid anterior free wall 
thickness (13.9 + 4.1 mm) and the mid posterior free wall thickness (14.3 
+ 3.0 mm) were greater than values in normal subjects (8.9 + 1.8 mm 
and 8.2 + 2.0 mm, respectively) (P <0.001). However, the ratio between 
the apical and the mid anterior free wall thickness in these 30 patients 
(1.86 + 0.53) was significantly greater than the ratio in normal subjects 
(1.05 + 0.24), patients with hypertrophic obstructive cardiomyopathy 
(0.96 + 0.15) (P <0.001) and patients with types of nonobstructive hy- 
pertrophic cardiomyopathy (1.26 + 0.24) (P <0.005) other than apical 
concentric hypertrophy. Obstruction of the tract did not occur because 
the upper half of the septem remained rather thin in systole and did not 
bulge into the left ventricle during systole. Pressure study with proper 
provocations as well as two dimensional echocardiograms revealed no 
peak systolic pressure gradient or obstruction within the outflow tract of 
the left ventricle. 

It is concluded that these 30 patients have nonobstructive hypertrophic 
cardiomyopathy with marked concentric hypertrophy in the apex (apical 
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hypertrophic type) and with a different septal shape and 
contraction pattern from those seen in the obstructive 
type. This type of hypertrophy appears to be a fairly 
common type of hypertrophic cardiomyopathy in 
Japan. 


In hypertrophic cardiomyopathy, asymmetric septal 
hypertrophy is now generally accepted as a represen- 
tative type of ventricular muscle hypertrophy.!? It is 
also a fact that other types of hypertrophy are observed, 
which concentrate in a specific region of the ventricular 
free wall such as the mid zone, the posterior segment or 
the apex.?-? Depending on the extent and distribution 
of myocardial thickening in each type, the functional 
and morphologic features may differ considerably. The 
aim of our study was to ascertain the frequency of and 
to describe the unique angiographic and echocardio- 
graphic configuration of the left ventricle (apical hy- 
pertrophic pattern) found in association with the giant 
negative T waves and high QRS voltage in the electro- 
cardiogram of patients with nonobstructive hypertro- 
phic cardiomyopathy. 


Methods 


Selection of patients: The study population consisted of 
1,002 patients who underwent left heart catheterization and 
cineangiography between September 1, 1973 and August 31, 
1978, for evaluation of either ischemic heart disease or car- 
diomyopathy. Patients with valve disease or an intracardiac 
shunt were excluded. Of these 1,002 patients, 30 were found 
whose electrocardiogram showed markedly inverted T waves 
(deeper than 10 mm in leads V, to Vs, defined as giant nega- 
tive T wave) and high QRS voltage (sum of the R wave in lead 
Vs and the S wave in lead V4 35 mm or more) in the precordial 
leads and whose right anterior oblique ventriculogram showed 
a marked apical hypertrophic pattern despite absence of hy- 





pertension or significant coronary artery disease (Fig. 1 and 
2). They were diagnosed as having nonobstructive hypertro- 
phic cardiomyopathy and constituted 26 percent cf the 114 
patients with nonobstructive hypertrophic cardiomyopathy 
and 24 percent of the 124 patients with hypertrophic cardio- 
myopathy in our laboratory. Ten patients (10.6 percent) were 
found to have obstruction in the outflow tract of the left 
ventricle, that is, hypertrophic obstructive cardiomyopathy, 
but none of them showed the deep negative T waves de- 
scribed. 

As a control group, 21 normotensive patients with a normal 
electrocardiogram and no evidence of ventricular hypertrophy 
or organic coronary artery disease were selected. They un- 
derwent cineangiography because of atypical chest pain or 
undetermined cardiac symptoms. 

An additional patient with the same electrocardiegraphic 
and ventriculographic configuration seen in the 30 patients 
with giant negative T waves and high QRS voltage vas eval- 
uated histologically. This patient had obstructive coronary 
artery disease (70 percent luminal stenosis) in the left anterior 
descending coronary artery for which he underwent saphenous 
vein bypass grafting. At operation, a myocardial biopsy 
specimen was obtained from the extremely thickened apical 
myocardium. 

Cardiac catheterization and angiographic procedures: 
All patients were evaluated with retrograde left heart cathe- 
terization and cineangiography using the Sones and Shirey®’ 
technique. Pressure studies were carefully performed during 
pullback of the catheter from the left atrium as well as from 
the apex to the aorta across the mitral and the aortic valves. 
The peak systolic pressure gradient within the left ventricle 
was determined in all patients using provocative techniques 
such as postextrasystolic potentiation and intravenous infu- 
sion of isoproterenol after sublingual administration of ni- 
troglycerin. 

Coronary and ventricular angiograms were recorded on 35 
mm cine film at 32 to 64 frames/sec using a 6 inch (15.24 cm) 
Philips image intensifier X-ray system (Cardiodiagnost). The 
coronary cineangiograms were routinely obtained in various 
angles of right and left anterior oblique projections. The 


FIGURE 1. Case 7. Electrocardiogram showing giant 
negative T waves and high QRS voltage in the precordial 
leads. Septal Q waves are absent in leads |, V4 and 
Ve. 
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FIGURE 2. Case 7. Vectorcardiograms showing (left) an elongated T loop oriented to the right and posteriorly and a large counterclockwise QRS 


loop with deviation to the left, and (right) an initial QRS. vector bulging anteriorly and slightly to the left. F, H and S are frontal, horizontal and sagittal 


planes, respectively. 
t 


cineventriculograms were obtained in a 25? right anterior 
oblique projection by injection of 40 ml of 76 percent Uro- 
grafin® using a pressure injector, and in 26 patients another 
cineventriculogram was taken in the 60? left anterior oblique 
view. In 13, biventriculograms were performed in the left 
anterior oblique view. 

Cineangiographic analysis: Measurement of left ven- 
tricular wall thickness was made from end-diastolic frames 
of the right anterior oblique ventriculogram and corrected for 
error due to magnification (Fig. 3). Premature ventricular 
contractions and immediately succeeding beats were excluded 
from study. To define characteristics of thickening in the left 
ventricular free wall, the anterior free wall thickness at the 
point of the median transverse diameter was compared with 
the thickness of the anterior apex and a ratio between the two 
(apical hypertrophy index) was expressed. The posterior wall 
thickness was measured in the left anterior oblique ventric- 
ulogram at the horizontal level crossing the lower margin of 
the mitral valve ring. Cavity diameters in both end-diastole 
and end-systole were also measured to calculate left ventric- 
ular volume and ejection fraction according to the single plane 
method.® 

Echocardiographic measurements: Echocardiographic 
studies were performed using an Aloka SSD 110 with a 2.25 
megahertz unfocused transducer, 10 mm in diameter, for M 
mode echocardiograms and Toshiba wide angle, 78°, elec- 
tronic sector-scanner sonolayer SSH 11A (2.40 megahertz, 32 
elements) for two dimensional echocardiograms. The ultra- 
sonic signal was connected by way of a Sony® video amplifier 
to a Honeywell® 1856 Visicorder and recorded continuously 
on light-sensitive paper. Both the M mode and two dimen- 
sional real time recordings were obtained with patients supine. 
The M mode echocardiograms were obtained by positioning 
the transducer at the third or fourth intercostal space at the 
left sternal border and directing the ultrasonic beam in the 
established manner to obtain a sweep of the left ventricle from 
the apex to the base. The two dimensional images were ob- 
tained in the long axis or sagittal plane by directing the echo 
sweep between the apex and base of the heart. Short axis or 
transverse views were obtained by directing the plane of sweep 
along a line drawn between the right hip and the left shoulder 


perpendicular to the long axis of the left ventricle. The 
thickness of the ventricular septum and the posterobasal free 
wall was measured below the tips of the mitral valve leaflets 
before atrial systole but after rapid ventricular filling. 
Twenty-two of the 30 patients with giant negative T waves and 
9 of the 10 patients with hypertrophic obstructive cardiomy- 
opathy had echocardiograms of sufficiently good quality to 
measure ventricular wall thickness. 

Electrocardiographic and vectorcardiographic pro- 
cedures: Standard 12 lead electrocardiograms were recorded 
in the supine position using an Elema-Schoenander Mingograf 
61. Vectorcardiograms were recorded using the Frank lead 
system on Cardioscope VA-3D of Fukuda Medical Electronics, 
and photocardiographs of the frontal, horizontal and left 
sagittal planes were taken from the oscilloscopic screen on Fuji 
photographic film. In addition to the voltage of QRS and the 
depth of inverted T waves, the following items were also 
measured to delineate electrocardiographic features of the 
patients with giant negative T waves: P wave abnormality, 
mean QRS duration and configuration, S-T segment and Q-T 
interval corrected for heart rate. In the vectorcardiograms, the 
direction and rotation of the QRS and T loops and the maxi- 


TH; 





RAO LAO 


FIGURE 3. Diagrammatic outline of the left ventricular free wall 
thickness viewed from the right anterior oblique (RAO) (left) and the 
left anterior oblique (LAO) projection (right). TH, = anterior free wall 
thickness at the point of the median transverse diameter; TH, = anterior 
apical thickness; THp — posterior free wall thickness at the horizontal 
level of the lower margin of the mitral valve ring (MVR). 


September 1979 The American Journal of CARDIOLOGY Volume 44 403 


APICAL HYPERTROPHIC CARDIOMYOPATHY—YAMAGUCHI ET AL. 


mal QRS and T magnitudes in both the frontal and horizontal 
planes were measured. 

Clinical observations: Results of the history and clinical 
examination of the patients were carefully evaluated. The 
history obtained included the following items: age at the time 
of referral for a complete cardiac evaluation; past or family 
history of cardiovascular disease, especially hypertension or 
cardiomyopathy; history of excessive intake of alcohol; prac- 
tice of strenuous sports; history of severe viral infection; car- 
diac symptoms such as anginal chest pain, dyspnea on exer- 
tion, sudden onset of palpitation or dizzy or fainting spells. 

The clinical examination included chest roentgenogram, 
phonocardiogram, apex cardiogram and repeated blood 
pressure measurements. Patients with systolic blood pressure 
higher than 150 and diastolic pressure higher than 90 mm Hg 
were defined as hypertensive. Routine laboratory data in- 
cluding serum electrolytes were also carefully analyzed. 


Results 


Cineangiograms 


Coronary arteriograms: All 30 patients with giant 
negative T waves as well as patients with hypertrophic 
obstructive cardiomyopathy had normal coronary ar- 


FIGURE 4. Case 7. Left ventriculograms obtained at end-diastole (A) 
and end-systole (B) in the right anterior oblique projection. Note the 
spade-like configuration at end-diastole with a marked increase in the 
free wall thickness toward the apex (arrows). The apical cavity is 
concave and reduced in its luminal diameter even in diastole by greatly 
hypertrophied myocardium. However, its contraction is vigorous and 
symmetric. 


Tee 





teriograms that included minor luminal irregularities. 
Most of the arteriograms showed increased luminal 
caliber and significant tortuosity in the middle and 
distal arterial segments. 

Left ventriculograms: All 30 patients with giant 
negative T waves uniformly exhibited a peculiar apical 
hypertrophic configuration at end-diastole and vigorous 
symmetric contraction in systole as visualized in the 
right anterior oblique projection (Fig. 4). This peculiar 
silhouette of the left ventricle in the right anterior 
oblique view at end-diastole resembled the spade on a 
playing card, whereas in hypertrophic obstructive car- 
diomyopathy the silhouette resembles a banana (Fig. 
5). 

Measurements of anterior wall thickness in the right 
anterior oblique view revealed a marked increase in 
thickness inwardly toward the apex with proportional 
cavity obliteration. Table I shows the results of mea- 
surements of wall thickness and hemodynamic studies. 
Although the thickness in the mid free wall (THm) was 
greater than in normal subjects (mean [+ standard de- 
viation| 13.9 + 4.1 versus 8.9 + 1.8 mm), the apical 


k 


FIGURE 5. Left ventriculograms from a patient with hypertrophic ob- 
structive cardiomyopathy (right anterior oblique view). A, at end-diastole 
the free wall is equally thickened in all segments (arrows) and the left 
ventricular silhouette is shaped like a kidney or banana. B, at end- 
systole. 
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thickness (THA) was significantly (P <0.001) greater 
(mean 24.8 + 6.6 mm) than this thickness. The mean 
ratio between the apical and mid free wall thickness 
(THA/THy) was 1.86 + 0.53. In contrast, in hypertro- 
phic obstructive cardiomyopathy (Table II) free wall 
thickness was equally increased toward the apex; that 
is, TH was 14.8 + 5.7 mm and THa was 14.7 + 5.0 mm, 
respectively. Therefore, the mean ratio (THA/THy) was 
0.96 + 0.15, a value similar to that of normal subjects 
(control group 1.05 + 0.24). The differences in these 
ratios between patients with the present type of hy- 
pertrophic cardiomyopathy and hypertrophic ob- 
structive cardiomyopathy or the normal control group 
were statistically significant (P <0.001) (Fig. 6). 

The posterior free wall was also significantly thicker 
(mean 14.3 + 3.0 mm) in patients with giant negative 
T waves than in normal subjects (8.2 + 2.0 mm). In 
addition, left anterior oblique biventriculograms re- 


TABLE | 


APICAL HYPERTROPHIC CARDIOMYOPATHY—YAMAGUCHI ET AL. 


vealed a different pattern in the septum between the 
present type of hypertrophic cardiomyopathy and hy- 
pertrophic obstructive cardiomyopathy (Fig. 7 and 8). 
In patients with giant negative T waves, the upper part 
of the septum seemed to be rather thinner in diastole 
and the lower septum increased in its width with a 
rather widely open left ventricle outflow tract during 
systole, resulting in a triangular appearance. In contrast, 
in patients with hypertrophic obstructive cardiomy- 
opathy the septum, already thickened and bulging into 
the outflow tract of the left ventricle to a great extent 
in diastole, formed a roughly rhombic appearance in 
systole with a more or less narrowed outflow tract. 
Some patients with nonobstructive hypertrophic 
cardiomyopathy also showed a similar hypertrophic 
pattern jn the right anterior oblique ventriculogram as 
well as in the electrocardiogram. However, they did not 
satisfy the electrocardiographic selection criteria as 


Results of Hemodynamic Studies and Measurements of Left Ventricular Wall Thickness in 30 Patients With the Apical Type of 


Hypertrophic Cardiomyopathy * 


Case Age (yr) Aortic LVEDP 
no. & Sex BP (mm Hg) (mm Hg) 
1 36M 126/76 15 
2 46M 120/82 18 
3 49M 130/80 17 
4 47M 100/65 22 
5 41M 120/70 27 
6 50M 148/86 22 
7 49M 145/80 22 
8 53M 120/76 25 
9 51M 132/86 23 
10 55M 130/80 20 
11 40M 120/80 18 
12 40M 125/74 22 
13 66M 140/75 31 
14 55M 110/65 13 
15 66M 120/75 15 
16 50M 114/70 13 
17 48M 144/76 20 
18 45M 130/78 18 
19 57M 122/66 26 
20 46M 140/88 28 
21 29M 105/75 13 
22 59F 140/88 10 
23 46M 124/66 13 
24 51M 142/92 21 
25 40M 144/90 30 
26 55M 120/70 20 
27 47M 128/80 13 
28 23M 130/60 11 
29 55M 108/70 18 
30 51M 100/60 13 
31! 47M 160/90 24 
Mean 48.2 19.2 
+SD 9.3 5.7 
Normal 
control 
(no. — 21) 
Mean 11.1 
+SD 5.0 
P value <0.001 


LVEDVI THy THA THp 

(ml/BSA) EF (mm) (mm) THa/THy (mm) 
54 0.70 10.7 16.7 1.55 9.3 
83 0.72 13.3 20.0 1.50 ot 
72 0.82 11.7 21.7 1.84 13.3 
53 0.70 20.0 25.0 1.25 12.7 
68 0.60 10.0 30.0 3.00 i 
62 0.71 10.0 30.0 3.00 - 
64 0.86 7.7 21.7 2.80 14.0 
78 0.73 14.0 26.7 1.91 15.0 
61 0.79 15.0 30.0 2.00 15.0 
67 0.78 13.3 23.3 1.75 15.0 
69 0.75 11.7 18.3 1.56 13.3 
86 0.84 13.3 18.3 1.38 15.0 
74 0.78 11.7 23.3 1.99 13.3 
64 0.84 15.0 23.3 1.55 ln 
67 0.90 13.3 25.0 1.88 15.0 
47 0.83 16.7 25.0 1.50 11.7 
73 0.82 18.3 36.7 2.01 23.3 
95 0.87 11.7 20.0 1.71 15.0 
43 0.65 10.0 16.7 1.67 10.0 
91 0.76 26.7 43.3 1.62 15.0 
80 0.91 10.0 26.7 2.67 13.3 
57 0.78 8.1 23.5 2.90 11.5 
67 0.93 13.1 30.4 2.32 13.1 
72 0.85 18.5 35.8 1.94 21.2 
87 0.83 19.2 30.4 1.58 16.2 
67 0.86 11.5 15.4 1.33 17.3 
59 0.80 11.2 19.2 1.72 15.4 
62 0.84 18.6 27.7 1.47 14.2 
51 0.82 13.5 16.5 1.23 10.4 
57 0.79 17.7 22.3 1.26 12.7 
86 0.78 16.7 25.1 1.50 16.7 
67.7 0.80 13.9 24.8 1.86 14.3 
12.8 0.08 4.1 6.6 0.53 3.0 
70.0 0.76 8.9 9.4 1.05 8.2 
17.7 0.05 1.8 3.1 0.24 2.0 
NS NS «0.0001 — «0.001 . «0.001 «0.001 


* No patient had a systolic pressure gradient within the outflow tract of the left ventricle after administration of nitroglycerin and provocation 


with isoproterenol infusion. 


t Patient with atherosclerotic heart disease and hypertension, not included with the 30 patients. 

BP = blood pressure; BSA = body surface area; EF = ejection fraction; LVEDP = left ventricular end-diastolic pressure, L VEDVI = left ventricular 
end-diastolic volume index (LVEDV/BSA); NS = not significant; P = probability; SD = standard deviation; THa = anterior free wall thickness at 
the apex; THy = anterior free wall thickness at the point of the median transverse diameter; THp = posterior free wall thickness at the horizontal 


level of lower margin of mitral valve ring. 
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described in the section on patient selection. The ratio 
between the apical thickness and the mid anterior free 
wall thickness in these patients was significantly greater 
(mean 1.26 + 0.24) than in normal subjects (mean 1.05 
+ 0.24) or in patients with hypertrophic obstructive 
cardiomyopathy (0.96 + 0.15) but was smaller on aver- 
age than in patients with giant negative T waves (P 
<0.005), although there were many overlapping cases 
in each group. These patients were therefore considered 
to have an essentially similar but abortive form of apical 
hypertrophic cardiomyopathy that might develop to a 
more complete pattern in the future. 


Hemodynamic Observations (Table I) 


Left ventricular end-diastolic pressure was elevated 
in all patients but one, whose pressure of 10 mm Hg was 
at the upper limit of normal. None of the 30 patients 
with giant negative T waves demonstrated any signifi- 
cant peak systolic pressure gradient in the outflow tract 
of the left ventricle across the aortic valve even after 
provocation with postextrasystolic potentiation or 
isoproterenol infusion. 


Echocardiograms 
Echocardiographic findings in patients with giant 
negative T waves were compatible with those demon- 
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Present HOCM Normal 
HCM 


Mean+SD 1.86+0.53 1.26+0.24 0.96+0.15 0.15+0.24 


FIGURE 6. Comparison of the ratios between the apical thickness and 
the mid anterior free wall thickness (THa/THyy) in groups with the present 
type of apical hypertrophic cardiomyopathy (HCM), nonobstructive 
hypertrophic cardiomyopathy (NHCM) not including the 30 patients in 
this series, hypertrophic obstructive cardiomyopathy (HOCM) and 
normal subjects. Mean values are indicated by the horizontal line. N — 
number of subjects; SD — standard deviation. 
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strated in the cineventriculograms. The M mode scan 
along the long axis of the left ventricle showed a marked 
increase in both septal and posterior wall thickness 
toward the apex, resulting in significant obliteration of 
the left ventricular cavity in the apical segment (Fig. 9). 
However, the septal thickness at the level just below the 
mitral valve leaflet (mean 10.8 + 2.5 mm) was less in- 
creased than that seen in patients with hypertrophic 
obstructive cardiomyopathy (mean 19.4 + 3.2 mm) al- 
though it was thicker than that in normal control 
subjects (mean 7.4 + 1.4 mm) (Fig. 10). These differ- 
ences were statistically significant (P «0.001) between 
each group. 

Measurements of septal and posterior free wall 
thickness at each level of basal, inframitral and apical 
segment revealed asymmetric septal hypertrophy in 
only 2 (9 percent) of 22 patients who had echocardio- 
grams of sufficientlv good quality to measure both the 
septum and the posterior free wall. In contrast, all pa- 
tients with hypertrophic obstructive cardiomyopathy 
and 39 percent of 46 echocardiographically evaluated 
patients with nonobstructive hypertrophic cardiomy- 
opathy not including the present type of apical hyper- 
trophy were found to have asymmetric septal hyper- 
trophy (Fig. 11). 

Two dimensional echocardiograms along both the 
long axis and the short axis of the left ventricle at end- 
diastole also revealed marked thickening in the lower 
posterior wall as well as in the lower septum with sig- 
nificant cavity narrowing toward the apex (Fig. 12). 


Electrocardiograms and Vectorcardiograms 


The electrocardiographic findings of all 30 patients 
are summarized in Table III. The basic electrocardio- 
graphic configuration in patients with the present type 
of apical hypertrophic cardiomyopathy (giant negative 
T waves and high QRS voltage) is demonstrated in 
Figure 1. These electrocardiographic findings all satis- 
fied the criteria for left ventricular hypertrophy. 

None of the 30 patients had positive results on a 
double Master two-step test that required a 30 percent 
increase in postexercise heart rate. No patient mani- 
fested left axis deviation (or left anterior hemiblock) or 
bundle branch block. 

Spatial vectorcardiograms also showed a unique 
pattern in both the frontal and horizontal planes (Fig. 
2). The conspicuous feature was an elongated and nar- 
rowed T loop oriented to the right and posteriorly. The 
QRS loop always presented counterclockwise rotation 
in the horizontal plane, and was oriented to the left 
posteriorly and inferiorly with the initial vector directed 
anteriorly and slightly to the left. The angles of the 
maximal QRS and T vectors in 27 of the 30 patients are 
illustrated in Figure 13. 


Clinical Observations 


'The most conspicuous findings were that only 1 of the 
30 patients with the present type of apical hypertrophic 
cardiomyopathy was a woman and that most of the 
patients were 30 to 60 years old (mean 48.5 + 9.3 years). 
No conclusion about family history could be made be- 
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TABLE Il 


Results of Hemodynamic Studies and Measurements of Left Ventricular Wall Thickness in 10 Patients With Hypertrophic 
Obstructive Cardiomyopathy 


Peak Systolic 
Pressure Gradient 


Within LV 
Case Age (yr) Aortic BP LVEDP LVEDVI THM THA (mm Hg)* 
no. & Sex (mm Hg) (mm Hg) (mi/m?) EF (mm) (mm) THa/THy THp Before After 
Sin Rar Paaa ul ¢ c NR LN NA RR RR AONE APL ie EEE SS fie S el FIG SIRE 10» 0000 
1 67M 150/80 22 63 0.76 10.0 9.8 0.98 16.7 0 76 
2 22F 140/50 18 92 0.67 11.8 11.9 1.00 10.0 0 75 
3 46M 130/86 16 78 0.79 16.9 16.7 0.99 15.8 0 90 
4 59F 168/102 10 86 0.94 8.3 10.0 1.20 5.0 0 40 
5 28M 128/70 11 110 0.80 13.3 11.7 0.88 15.0 20 180 
6 61M 180/90 11 86 0.78 12.1 11.8 0.97 9.3 10 70 
7 60M 132/98 12 39 0.91 20.4 20.8 1.02 16.2 0 80t 
8 70M 125/72 12 52 0.83 23.1 25.0 1.08 13.9 85 120 
9 30M 114/76 18 41 0.89 23.1 16.5 0.72 13.9 0 40 
10 52M 126/80 23 28 0.83 8.9 12.3 0.74 12.3 5 130 
Mean 49.5 15 68 0.82 14.8 14.7 0.96 12.8 
+ SD 17.2 4.8 27 0.08 5.7 5.0 0.15 3.7 





* Before and after administration of sublingual nitroglycerin and isoproterenol infusion. 
t With postextrasystolic potentiation; isoproterenol was not tried because the patient had atherosclerotic heart disease. 
LV = left ventricle; other abbreviations as in Table I. 





Mx 


FIGURE 7. End-diastolic (A) and end-systolic (B) frames of a biven- 


triculogram in the present type of apical hypertrophic cardiomyopathy. FIGURE 8. End-diastolic (A) and end-systolic (B) frames of a biven- 
The upper septum seems to be rather thinner in diastole; the lower triculogram in hypertrophic obstructive cardiomyopathy. The septum 
septum increases in width with the widely opened outflow tract of the is thickened and bulges into the outflow tract of the left ventricle already 
left ventricle in systole (arrows in B), and assumes a triangular ap- in diastole (arrows in A); it forms a rhombic appearance in systole with 
pearance. a more or less narrowed outflow tract (arrows in B). 
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Present HOCM Normal 
HCM 


Mean+SD 10.8+2.5 19.4-3.2 7.41.4 


FIGURE 10. Thickness of the ventricular septum (measured echogra- 
phically) is shown for 22 patients with the present type of apical hy- 
pertrophic cardiomyopathy (HCM), 9 with hypertrophic obstructive 
cardiomyopathy (HOCM) and 25 normal subjects. Mean septal thickness 
of the patients with apical hypertrophy was significantly lower than that 
of patients with hypertrophic obstructive cardiomyopathy (P « 0.01). 
Mean values are indicated by the horizontal line. Unidentified abbre- 
viations as in Figure 6. 


408 September 1979 The American Journal of CARDIOLOGY 


| 
I 
TRITT 


FIGURE 9. Case 8. M mode echo- 
cardiogram with the transducer at 
the third intercostal space to the left 
of the sternum directed from the 
apex (left) to the base of the heart 
(right). The thickness of the inter- 
ventricular septum (IVST) is 13 mm, 
which is approximately the same as 
that of the posterior wall (PWT). 
Both the interventricular septum and 
the posterior wall become thicker 
and more hyperkinetic toward the 
apex (arrows at left) so that the left 
ventricular cavity in the apical re- 
gion is narrowed and obliterated in 
diastole as well as in systole by 
markedly thickened apical left 
ventricular muscles. AML and PML 
— anterior and posterior mitral valve 
leaflets, respectively. 
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FIGURE 11. Ratios between the septal and the posterobasal free wall 
(Sept/P.W.) thickness in patients with the present type of apical hy- 
pertrophic cardiomyopathy (HCM), hypertrophic nonobstructive car- 
diomyopathy (HOCM) and normal subjects. Only 2 of 22 patients with 
the apical type of hypertrophic cardiomyopathy had a ratio above 1.3 
(mean + standard deviation 1.90 + 0.24), whereas 8 of 9 patients with 
hypertrophic obstructive cardiomyopathy had ratio higher than 1.3 
(mean 1.90 + 0.50). N = number of subjects. 
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FIGURE 12. Case 7. End-diastolic frame from a two dimensional 
echocardiogram (long axis view). The apex is to the left. Both the septal 
and the posterior free wall thickness are markedly increased toward 
the apex with significant cavity narrowing in the apical segment of the 
left ventricle (arrows). 


cause it was not sufficiently investigated. The other 
clinical findings did not differentiate patients with this 
type of cardiomyopathy from those seen with nonob- 
structive hypertrophic cardiomyopathy (Table IV). 
Results of all laboratory tests, including serum elec- 
trolyte determinations, were normal. Coronary artery 
disease coexisted only in one patient. 

Histologic findings from the hypertrophic apical 
wall in one patient revealed myofibrillar disarray and 
the presence of degenerated muscle cells in light mi- 
crographs (Fig. 14A); and increased amounts of Z 
band-like material at the points of attachment of 
myofibrils to intracellular junction with side to side 
intercellular junction and dilatation of transverse tu- 
bules were evident in electron micrographs (Fig. 14B). 
These findings were obviously compatible with those 
seen in the hypertrophied septum of patients with hy- 
pertrophic obstructive cardiomyopathy. 


Discussion 


Apical hypertrophic type of cardiomyopathy: Our 
results suggest that hypertrophic cardiomyopathy as- 
sociated with giant negative T waves and high QRS 


—190 x 
+180 


+150 


FIGURE 13. Direction of maximal (MAX) QRS and T 
vectors in the horizontal (left) and frontal (right) plane 
in 29 of 30 patients with the apical type of hypertrophic 
cardiomyopathy. 
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TABLE lll 
Summary of Electrocardiographic Findings in 30 Cases* 
Cases (no.) 
P wave 
Normal 13 
Mitral P 17 
QRS complex 
axis (?) 
—15-9 0 
0 — +90 30 
Interval (sec) 
0.08 — 0.10 24 
0.11 0.12 6 
Voltage (mm) 
RV5 » 26 17 
RV5 = 40 13 
SV1 + RV5 2 35 30 
RV127 11 
R/S 2 1 2 
Absence of septal Q 25 
Presence of deep Q in aVL 4 
Regression of R IN V4 — V3 2 
S-T segment 
Depression in V4 — Ve 30 
(Depression 2 2 mm) (22) 
T wave 
giant negative T 
Maximal depth (mm) 10 to 15 13 
Maximal depth > 15 17 
Q-Tc interval (sec) 
<0.42 3 
0.43-0.50 16 
20.51 11 





* Patients with the apical type of hypertrophic cardiomyopathy. 


voltage in the electrocardiogram is a subtype (apical 
hypertrophic type) of nonobstructive hypertrophic 
cardiomyopathy characterized by a unique spade-like 
configuration and marked apical obliteration in the 
right anterior oblique left ventriculogram as well as in 
the long axis two dimensional echocardiogram. The 
difference from the normal heart or heart with hyper- 
trophic obstructive cardiomyopathy can be discerned 
in quantitative terms when the ratios between the apical 
and the mid ventricular free wall thickness are com- 
pared. In hypertrophic obstructive cardiomyopathy the 
free wall thickness was equally increased in all segments 
as seen in the right anterior oblique ventriculogram and 
was not associated with cavity obliteration in the apex. 





+120 
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TABLE IV 
Clinical Features in 30 Cases* 
Frequency . 
No. of 96 
Patients of Patients 
Age (yr) 
20-29 2 6.7 
30-39 1 3.3 
40-49 13 43.3 
50-59 12 40.0 
60-69 2 6.7 
Sex 
Male 29 96.7 
Female 1 3.3 
Family history 
Hypertension 12 40.0 
Cardiomyopathy 2 6.7 
Past history 
Hypertension 0 0 
Obvious viral infection 2 6.7 
Heavy drinking 10 33.3 
Strenuous sports 8 26.7 
Symptoms 
None 13 43.3 
Chest pain 15 50.0 
Anginal 6 20.0 
Atypical 9 30.0 
Dyspnea on exertion 10 33.3 
Palpitation | 4 13.3 
Dizziness 4 13.3 
Easy fatigability 3 10.0 
Physical findings 
Cardiothoracic ratio 
x5096 ` 22 73.3 
51-55% 6 20.0 
256% 2 6.7 
Prominent apical impulse 29 96.7 
Fourth heart sound 30 100.0 
Third heart sound 6 20.0 
Systolic murmur 
Grade |-II (ejection type) 26 86.7 
Grade III (ejection type) 4 13.3 


* Patients with apical hypertrophic cardiomyopathy. 


There was a concavity in the inferomedial segment that 
could be attributed to encroachment by the hypertro- 
phied septum. 

In the patients with this type of nonobstructive hy- 
pertrophic cardiomyopathy, there was a certain ten- 
dency to an increase in apical wall thickness as the grade 
of inverted 'T waves and high QRS voltage became 
greater.^? A 10 mm depth of negative T waves was not 
an obviously definite or absolute value for selection of 
patients with the present type of hypertrophic cardio- 
myopathy, but it seemed to be deep enough to eliminate 
patients with an abortive type of apical hypertrophic 
cardiomyopathy or left ventricular hypertrophy sec- 
ondary to hypertension or a long period of heavy exer- 
cise. 

Configuration of the septum: On biventriculogra- 
phy as well as two dimensional echocardiography, the 
septum in patients with this type of apical hypertrophy 
appeared to show increased thickness only in the lower 
thirds, but in patients with hypertrophic obstructive 
cardiomyopathy the whole septum was markedly 
thickened in both diastole and systole (Fig. 7 and 8). 
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FIGURE 14. Case 31. Histclogic section from biopsy specimen of the 
left ventricular apex. A, light micrograph. The muscle cells are irreg- 


ularly shaped and arranged obliquely and perpendicularly to each other. 
(Hematoxylin-eosin X400, reduced by 31 percent.) B, electron mi- 
crograph. Marked thickening of Z bands, abnormal myofibrillar orien- 
tation, side to side intercellular junction and dilatation of transverse 
tubule are seen. (X500, reduced by 31 percent.) 


Therefore, in patients with this type of apical hyper- 
trophy obstruction to the outflow tract of the left ven- 
tricle rarely occurred during systole because the upper 
half of the septum remained rather thin instead of 
bulging into the left ventricle, and systolic anterior 
movement of the mitral valve was rarely recognized. 

In patients with hypertrophic obstructive cardio- 
myopathy, however, the septum was visualized as a 
roughly rhombic column during systole in the left an- 
terior oblique biventriculogram!9.!! (Fig. 8). This was 
probably caused by apparent bulging of the thick upper 
septum into the outflow tract of the left ventricle during 
systole. In many cases with apical hypertrophy echo- 
cardiography did not reveal asymmetric septal hyper- 
trophy as long as the posterior free wall thickness was 
measured at the level just below the tip of the mitral 
valve leaflet, but not directly behind the posterior mitral 
leaflet as Henry et al.!? pointed out. It showed marked 
obliteration of the apical cavity due to concentric hy- 
pertrophy of the apical myocardium probably including 
papillary muscles which was well compatible with the 
angiographic findings (Fig. 4,9). 
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Electrovectorcardiographic findings: These were 
the most characteristic features in patients with the 
present type of apical hypertrophy (Fig. 1 and 2). The 
most conspicuous findings were high QRS voltage with 
absence of septal Q waves as well as extremely deep T 
waves in the precordial leads, especially in leads V4 and 
V; where the apical segment potentials are most clearly 
reflected. Mean QRS axis in the frontal plane was within 
normal limits (between 0° and +90° in all cases). Vec- 
torcardiograms also showed characteristic uniformity 
in the configuration and direction of the T loops, which 
were elongated with delayed inscription of the initial 
limb and oriented straight to the right posteriorly. Al- 
though there have been many reports!* !? of electro- 
cardiographic findings in patients with hypertrophic 
cardiomyopathy, such a specific relation between 
electrocardiographic configuration and hypertrophy of 
a certain portion of the left ventricle has not been re- 
ported. 

Angiographic features: It must be emphasized that 
differentiation between the present type of (apical) 
hypertrophic cardiomyopathy and hypertrophy sec- 
ondary to hypertension or other factors such as chronic 
hypoxia or a long period of heavy exercise (athlete's 
heart) is important. Patients with apical hypertrophy 
used to be diagnosed as having either an extreme pat- 
tern of hypertrophy due to persistent hypertension or 
subendocardial infarction. Accordingly, without a 
precise angiographic evaluation of both the coronary 
arteries and ventricular shape, one cannot make an 
accurate diagnosis.? In left ventricular hypertrophy 
secondary to persistent arterial hypertension the right 
anterior oblique ventriculogram usually reveals an oval 
configuration with equal thickening of the left ven- 
tricular free wall, which is different from that seen in 
apical hypertrophic cardiomyopathy. 

Histology: One patient who showed typical giant 
negative T waves and high QRS voltage in the electro- 
cardiogram and a characteristic spade-like hypertrophic 
configuration in the left ventriculogram also had a his- 
tory of mild but persistent hypertension and obstructive 
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coronary artery disease. In addition, myocardial biopsy 
revealed myopathic cells in the thick apical segment, a 
finding compatible with hypertrophic cardiomyopa- 
thy.!6!7 This finding provided evidence that apical 
hypertrophic cardiomyopathy can coexist with arterial 
hypertension or coronary artery disease, or both. 

Etiology: All 30 patients were first detected to have 
electrocardiographic abnormalities between the 2nd and 
the 6th decades of life, generally between 40 and 50 
years of age. Accordingly, the abnormal hypertrophic 
process seems to become manifest in middle age. In 4 
of the 30 patients, the change in the electrocardiogram 
from an almost normal pattern to the typical configu- 
ration with giant negative T waves and high QRS volt- 
age occurred over several years. 

These facts suggest the possibility that a certain 
change in the hypertrophic process of the myocardium 
becomes manifest during middle age in response to 
external or internal stimulation such as arterial hy- 
pertension, chronic hypoxia or neurohumoral factors 
(catecholamines), even assuming that the disease pro- 
cess is entirely based on genetic factors. The large pre- 
ponderance of men among our patients may also suggest 
the possibility of a sex-linked recessive transmission 
that is apparently different from that seen in patients 
with hypertrophic obstructive cardiomyopathy.!*.!? 
Moreover, the large incidence of apical hypertrophy 
among all the patients with hypertrophic cardiomyop- 
athy found in our laboratory may imply that this type 
of hypertrophy is fairly common in Japan???! and could 
be called “apical hypertrophic cardiomyopathy” as a 
subtype of nonobstructive hypertrophic cardiomyop- 
athy. 
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Among 108 patients with cardiac amyloidosis studied at autopsy between 
1889 and 1977 there were 5 (4.6 percent) with severe occlusive amyloid 
deposits in intramyocardial arteries. The hearts of all five patients showed 
focal subendocardial ischemic injury, and the vessels supplying these 
areas had either complete or near complete luminal obliteration by am- 
yloid. Clinically, four patients had congestive heart failure; one of these 
patients also had arrhythmias and one had angina pectoris. Neither the 
clinical nor the pathologic features of ischemic heart disease could be 
attributed to disease of the epicardial coronary arteries. Amyloidosis of 
the intramyocardial arteries appears to be capable of producing localized 
areas of ischemic necrosis and may produce intractable congestive heart 
failure due to multiple areas of ischemic injury. 


Cardiac involvement with amyloid occurs frequently in many forms of 
amyloidosis.!-? In both primary amyloidosis and myeloma-associated 
amyloidosis, cardiac involvement is found in 80 to 100 percent of pa- 
tients.^^ Cardiac amyloidosis is also found in familial amyloidosis and 
infrequently in secondary amyloidosis.?^ All patients with so-called 
senile cardiac amyloidosis have various degrees of amyloid deposition 
in the heart, and the frequency of such cardiac amyloidosis increases with 
advancing age.9-1? In these different forms of amyloidosis, the cardiac 
involvement consists of parenchymal or vascular deposition, or both, 
that, when severe, can be responsible for significant cardiac dysfunction. 
Kyle and Bayrd! noted that congestive heart failure was the most com- 
mon manifestation of cardiac involvement, occurring in 26 percent of 
patients with primary amyloidosis and 30 percent of patients with 
myeloma-associated amyloidosis. Other forms of cardiac dysfunction 
associated with cardiac amyloidosis include restrictive cardiomyopa- 
thy,!!-!8 valvular heart disease,!4 cardiac arrhythmias and conduction 
disturbances!5-!9 and ischemic heart disease.??9?! Rarely, amyloid de- 
position in the smaller, intramyocardial coronary arteries may cause 
myocardial necrosis, ischemic heart disease and conduction distur- 
bances.?? 

Recently, during the course of a review of autopsy cases of cardio- 
pulmonary amyloidosis at The Johns Hopkins Hospital, a small group 
of patients with marked intramyocardial coronary arterial amyloid de- 
position and minimal epicardial coronary arterial involvement were 
identified. In addition, this group of patients had ischemic injury sec- 
ondary to the amyloid deposition. In this study we (1) report the fre- 
quency of ischemic heart disease secondary to amyloid deposition in the 
intramyocardial coronary arteries; and (2) correlate the clinical and 
pathologic findings in these patients. 


Methods 


The clinical and pathologic features of all patients with amyloidosis indexed 
in the autopsy files of The Johns Hopkins Hospital from 1889 to 1977 were re- 
viewed. In all cases, histologic sections were available, usually stained with 
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hematoxylin-eosin. In patients with cardiac amyloid deposi- 
tion, additional tissue sections from the left ventricle of the 
heart were prepared, when tissue blocks were available. The 
sections were stained with alkaline Congo red and Verhoeff- 
van Gieson elastic stains, and were interpreted as positive for 
amyloid on the basis of positive dichroic birefringence after 
alkaline Congo red staining. The location of the amyloid de- 
posits in the vessel walls was established with the Verhoeff- 
van Gieson stain. The slides were jointly reviewed by us and 
evaluated for the presence and degree of amyloid deposition 
in the coronary arteries, related ischemic injury and absence 
of arteriosclerotic related infarcts and severe myocardial 
amyloid deposition. 





FIGURE 1. Amyloidosis of intramyo- 
cardial arteries. A, extensive medial 
deposition of amyloid with preservation 
of the vascular lumen. B, complete loss 
of luminal patency as a result of the 
amyloid. (Hematoxylin-eosin X400, 
reduced by 28 percent.) 


In patients with myocardial ischemic injury related to in- 
filtration of the clinical intramyocardial coronary arteries by 
amvloid, all available clinical information was reviewed and, 
in two cases, the conduction system of the heart was serially 
sectioned. Serial histologic sections were made, using a stan- 
dard method,?? of the specialized conduction system, in- 
cluding sinoatrial and atrioventricular nodes and approaches, 
His bundle and proximal left and right bundles. 


Results 


Total group with cardiac amyloidosis: Of the 223 
patients with amyloidosis listed in the autopsy files of 


FIGURE 2. Myocardial ischemic le- 
sions. A, an intramyocardial artery 
(arrow) is completely occluded by 
amyloid deposits. The myocardium in 
its distribution shows ischemic injury. 
The immediately subendocardial myo- 
cardium at the top is vacuolated and 
that beneath it is replaced by fibrous 
scar. B, an area of recent myocardial 
infarction with thin-wavy fiber change 
and an acute inflammatory reaction in 
subendocardial myocardium in the 
distribution of an intramyocardial artery 
occluded by amyloid. (Hematoxylin- 
eosin X50 (A) and X 175 (B), both re- 
duced by 28 percent.) 
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Clinical and Pathologic Aspects of Five Patients With Severe Intramyocardial Vascular Amyloid 


Age (yr), Heart 
Case Race Weight 
no. & Sex Clinical History (g) 


Cardiac Findings Other 


1 59BM 


2 55BF 


3 89WM 


4 54WM 


5 61WF 


Anorexia, weight loss and 
weakness, 4 months; dyspnea 
on exertion and angina, 2 
months; marked shortness of 
breath, 2 weeks; marked 
angina, 1 day. Clinical 
impression: arteriosclerosis 
with myocardial infarct 

Dyspnea, weight loss, 
increasing edema and ascites, 
1 year; anasarca, 
hepatomegaly and 
hypotension, 6 months; pleural 
effusion and massive venous 
distention, 2 days 

Shortness of breath, 5 years; 
cardiac arrhythmias and 
pneumonia, 5 days; pulmonary 
edema, 1 day. Clinical 
impression: acute MI and 
pneumonia 

Weakness, fever and productive 
cough, 3 weeks; pneumonia 
with pneumococcal 
septicemia, 2 days 


Multiple myeloma; 2 years; 
shortness of breath and edema 
3 months; primary skin lesions, 
anemia and hepatomegaly, 2 


500 


530 


530 


440 


280 


Myocardial and vascular amyloid 
deposition with involvement of 
intramyocardial vessels and 
recent ischemic injury; minimal 
arteriosclerosis, left ventricular 
hypertrophy and dilatation 


Predominant amyloid deposition in 
intramyocardial vessels with 
recent ischemic injury; minimal 
arteriosclerosis, right and left 
ventricular hypertrophy and 
dilatation 


Predominant amyloid deposition in 
intramyocardial vessels with 
recent ischemic injury; mild 
arteriosclerosis and biventricular 
hypertrophy; focal fibrosis of 
conducting system 

Myocardial and vascular amyloid 
deposition with involvement of 
intramyocardial vessels and 
recent ischemic injury; mild 
arteriosclerosis 

Predominant amyloid deposition in 
intramyocardial vessels with 
recent and remote ischemic 
injury; mild arteriosclerosis; no 


Multiple myeloma with widespread 
amyloidosis and pulmonary 
embolus; extramedullary 
hematopoiesis, liver and spleen 


Primary amyloidosis involving 
heart, lungs, tongue, blood vessels 
and spleen; recent pulmonary and 
renal infarcts; chronic 
pyelonephritis with renal calculus, 
right kidney; anasarca, ascites 


Senile cardiac amyloidosis, mild 
bronchopneumonia, pulmonary 
edema, emphysema, chronic 
pyelonephritis with renal calculus, 
right kidney 


Multiple myeloma with widespread 
amyloidosis; acute 
pneumococcal, lobar pneumonia; 
fat accumulation, liver 


Multiple myeloma with widespread 
amyloidosis, myeloma kidneys, 
acute pulmonary edema and 
chronic passive congestion of the 


months; hypoxia and 
pulmonary edema 


involvement of conducting system liver 





B = black; F = female; M = male; MI = myocardial infarction; W = white. 


The Johns Hopkins Hospital, a total of 108 patients had 
cardiac involvement by amyloid. This latter group in- 
cluded 63 patients with senile cardiac amyloidosis, 26 
patients with primary amyloidosis, 11 patients with 
myeloma-associated amyloidosis, 5 patients with sec- 
ondary amyloidosis and 3 patients with familial amy- 
loidosis with polyneuropathy. All 108 patients had 
vascular or myocardial involvement, or both, by amy- 
loid. The vascular amyloid deposition occurred pre- 
dominantly in the media of the vessel walls; in cases of 
severe vascular involvement the deposition was 
transmural (Fig. 1). The myocardial involvement with 
amyloid was of two types, nodular deposits and inter- 
stitial infiltration. These two forms of myocardial am- 
yloid deposition could be seen in the same heart, and 
with increasing interstitial infiltration atrophy of the 
myocardial cells occurred. 

Five patients with intramyocardial vascular 
amyloid deposition: During this review of 108 cases of 
cardiac amyloidosis, 5 patients (4.6 percent) were 
identified who had severe intramyocardial vascular 
amyloid deposition with associated recent myocardial 
ischemic injury (Table I). In all five patients, the degree 
of epicardial coronary artery disease was slight in 
comparison, myocardial amyloid deposition was only 
mild to moderate, and arteriosclerotic coronary vascular 
disease was minimal. Three of the five had multiple 


myeloma and amyloidosis, one had primary amyloidosis 
and one had senile cardiac amyloidosis. Three were men 
and two were women, and the average age at death was 
64 years (range 54 to 89). Clinically, four patients had 
congestive heart failure. In addition, one of the four 
(Case 1) had angina pectoris and was believed to have 
experienced a myocardial infarct clinically, and another 
(Case 3) had both arrhythmias (atrial fibrillation) and 
a probable myocardial infarct. The fifth patient (Case 
4) died of pneumococcal pneumonia and had no history 
of cardiac dysfunction. 

Autopsy findings: Cardiomegaly was present in four 
hearts, and the average heart weight was 456 g (range 
280 to 530). All hearts showed focal subendocardial 
ischemic injury (Fig. 2). These lesions ranged from well 
healed fibrous scars to fresh areas of necrosis with thin 
wavy fiber change and acute inflammation. Vacuoliza- 
tion of adjacent surviving subendocardial muscle cells 
was a common feature with lesions of all ages. The 
vessels supplying the areas of ischemic injury showed 
very severe mural infiltration by amyloid with complete 
or near complete obliteration of the lumen. 

Serial sectioning of the conduction system in two 
patients (Cases 3 and 5) revealed no occlusions of the 
intramyocardial arteries supplying the specialized 
conduction system. Amyloid deposits were present in 
the vessel walls, and the patient with the arrhythmias 
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(Case 3) demonstrated focal fibrosis of the atrioven- 
tricular (A-V) node and His bundle. 


Discussion 


Amyloidosis as a cause of small vessel coronary 
disease: Occlusion of the smaller coronary arteries has 
been recognized with increasing frequency as a cause of 
cardiac dysfunction. Focal occlusion of a few of the 
smaller coronary arteries is usually of no clinical sig- 
nificance. However, diffuse occlusion of the smaller 
coronary arteries or focal occlusion of the vessels 
supplying the specialized conduction system can result 
in significant cardiac disease, usually manifested by 
myocardial failure, functional impairment of vascular 
anastomoses or conduction and rhythm disturbances.”4 
The different diseases responsible for small vessel dis- 
ease of the heart have been classified as embolic, in- 
flammatory or noninflammatory, and amyloidosis is 
included in the last category.” Cardiac amyloidosis had 
been shown to cause functional coronary insufficiency, 
presumably by involvement of small vessels with 
functional impairment of vascular anastomoses.?96 Buja 
et al.,?? in a study of severe cardiac amyloidosis, de- 
scribed six patients with congestive heart failure who 
had both marked myocardial amyloid deposition and 
intramural coronary arterial narrowing by amyloid 
deposition; three of the six patients had angina pectoris 
and one of these three had a recent myocardial infarct. 
This latter patient was a 53 year old woman with pri- 
mary amyloidosis who had both congestive heart failure 
and angina pectoris. 

Clinical features: The five patients in this study had 
diffuse intramyocardial vascular amyloid deposition 
and vascular occlusion with myocardial ischemia, ne- 
crosis and fibrosis. Clinically this was manifested by 
congestive heart failure (four patients), arrhythmias 
(one patient) and angina pectoris (one patient). James? 
stated that the angina produced by small vessel disease 
is atypical and can be differentiated from the more 
typical angina produced by large vessel arteriosclerosis. 
However, the anginal symptoms were not considered 
atypical in either our study or a previous study.?? It 
appears that these clinical symptoms are the cumulative 
effect of progressive narrowing of the smaller coronary 


arteries with focal occlusions and localized myocardial 
“infarcts.” This focal necrosis and scarring eventually 
result in significant replacement of the myocardium by 
fibrous scarring. Consequently, this damage to the 
working myocardium—which usually is also involved 
by amyloid to a variable degree—results in reduced 
ventricular function with decreased cardiac output and 
congestive heart failure. 

Pathologic features: Many of the changes seen in 
the myocardium of patients with intramyocardial vas- 
cular amyloid deposition are similar to those seen with 
progressive systemic sclerosis.?’:28 The latter disease has 
been shown to cause a myocardial lesion, ranging from 
contraction band necrosis to focal fibrosis. Frequently, 
the coronary arteries are normal, and the myocardial 
lesion has been postulated to result from an intramyo- 
cardial Raynaud's phenomenon with spasm-induced 
myocardial “infarcts.” James?? also described narrowing 
of the small coronary vessels in patients with progressive 
systemic sclerosis and described myocardial scarring 
that he considered disproportionate to the extent of the 
vessel disease. It appears that both of these disease 
processes, although differing in pathogenesis, produce 
focal myocardial “infarcts” predominantly by their ef- 
fects on the smaller intramyocardial arteries. 

Conduction and rhythm disturbances: These are 
frequently associated with cardiac amyloidosis. In the 
two patients whose conduction system was examined, 
amyloid did not involve the specialized conduction 
system. Mild fibrosis of the A-V node and His bundle 
was present in the patient with atrial fibrillation; how- 
ever, these changes probably were not related to his 
arrhythmias. These findings are in accord with those of 
Ridolfi et al.,!5 who found sparing of the conduction 
system relative to amyloid deposition elsewhere in the 
heart. Conversely, James!? described amyloid involve- 
ment of the sinus nodal artery and sinus node in five 
patients with amyloidosis and conduction disturbances 
of recent onset. Also, Buja et al.2° reported extensive 
amyloid deposition in the conduction tissue in five of 
eight patients studied. However, because myocardial 
amyloid deposition was severe in both of the latter two 
studies, they are not comparable with our study in 
which there was only mild or moderate myocardial 
amyloid deposition. 
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Iron deposition in the heart in patients with hemochromatosis often occurs 
in association with congestive heart failure and electrocardiographic 
abnormalities including arrhythmias and conduction disturbances. Whether 
these disturbances are due to direct involvement of the specialized 
conduction tissue of the heart is uncertain. The conduction system and 
the walls of the four chambers in the hearts of six patients with exogenous 
or secondary hemochromatosis were studied at autopsy to determine if 
there is an association between clinically manifested myocardial dys- 
function and iron storage in fibers of the specialized conduction tissue. 
In all cases iron deposits were present in the myocardium of all four 
chambers although always to a lesser extent in the atria than in the ven- 
tricles. No differences in iron deposition were demonstrated in the right, 


septal and left ventricular walls or within the transmural extent of the walls 


themselves. Two patients had myocardial muscle cell necrosis, possibly 
attributable to severe cardiac iron deposition. The cardiac conduction 
tissue revealed no iron deposition in one case, mild deposition in two cases 
and moderate deposition in three cases, uniformly staining less intensely 
for iron than the working myocardium. However, the degree of iron de- 
position varied in the components of the conduction system. The sinoatrial 
node, involved in only two cases, stained less intensely than the remaining 
conduction tissue. The atrioventricular (A-V) node had iron in four cases, 
and the bundle of His and its right and left branches usually stained with 
a similar intensity. Congestive heart failure was present in five of the six 
cases. Electrocardiographic abnormalities were present in only those 
cases that revealed iron involvement of the conduction system. Thus, there 
is a gradient of iron deposition in the heart in cases of hemochromatosis 
with working ventricular myocardium showing the most and the sinoatrial 
node the least involvement. Iron deposition in the A-V node and His bundle 
tissue occurs with severe myocardial iron storage and is associated with 
electrocardiographic abnormalities, most often supraventricular rhythm 
disturbances and less often conduction block. 


Hemochromatosis, a disease of excessive iron storage, has multiple causes 
and frequently involves the heart. Although congestive heart failure and 
a wide variety of cardiac arrhythmias and conduction disturbances have 
been commonly observed in cases of hemochromatosis,!? it is not clear 
whether they represent a consequence of iron deposition in the heart. 
Some investigators,? have found iron in the specialized cardiac con- 
duction tissue correlating with such disturbances; but others^^ have not. 
This study was undertaken to determine if deposition of iron takes place 
in the conduction system of the heart in hemochromatosis and, if so, 
whether correlations with clinical data can be made. The clinical and 
pathologic features of six patients with exogenous hemochromatosis 
studied at autopsy were examined. The myocardium of the cardiac 
chambers and the sinoatrial and atrioventricular (A-V) conduction 
systems were examined in detail. 
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Methods 


Patients: The records of six patients with hemochromatosis 
taken from the autopsy files of The Johns Hopkins Hospital, 
whose hearts were available for examination, were studied and 
their clinical history reviewed. Hemochromatosis, in contrast 
to hemosiderosis, was defined as diffuse parenchymal accu- 
mulation of iron including involvement of the liver, pancreas 
and endocrine organs, often with associated changes.® In fact, 
these pathologic changes can be the result of iron accumula- 
tion in several different clinical settings including the rare 
genetically determined (idiopathic) type of hemochromatosis. 
More commonly, hemochromatosis is a secondary or exog- 
enous phenomenon in some patients with a long history of iron 
intake in oral medicine or through excessive transfusions. 
Both alcoholics with high iron intake and malnourished South 
African Bantus represent two well investigated groups. 
Clinically, our cases represent examples of secondary or ex- 
ogenous hemochromatosis because each patient had a clinical 
history of chronic refractory anemia. Pertinent clinical data 
including evidence of congestive heart failure and electro- 
cardiographic abnormalities were recorded. 

Pathologic examination: The hearts were examined 
grossly and histologic sections taken from both atria and 
ventricles. The presence of iron initially suspected after 
hematoxylin-eosin staining was confirmed with a Gomori's 
iron reaction. Prerequisite to the study was confirmed iron 
deposition in a random section of the heart. At least 50 sec- 
tions of myocardium including the left and right ventricles and 
atria in each patient were examined. The atrioventricular 
(A-V) node and bundle branch networks were removed in a 
single block’ and serially sectioned at 8 intervals with every 
15th section retained. Two of every three retained sections 
were stained with hematoxylin-eosin or an elastic stain, re- 
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spectively, and every third section was stained with the Go- 
mori’s iron reaction. The sinoatrial (S-A) nodal area was re- 
moved in a single block as described by Hudson? and then 
serially sectioned and stained in the manner described for the 
A-V nodal block. 

Iron deposition in the atria, ventricles and specialized 
conduction tissue was graded on a scale of 0 to 4+, ranging 
from none to severe involvement, respectively. In grade 1+, 
deposition was mild and many muscle cells showed no iron 
positive staining; in grade 2+, most muscle cells had at least 
some iron in the sarcoplasm; in grade 3+, virtually every cell 
was involved, with some having massive deposition; and in 
grade 4+, massive deposition was found in most muscle cells. 
Particular attention was paid to staining patterns within the 
ventricular walls themselves and to involvement of nerves and 
arteries. Finally, iron deposition in various organs throughout 
the body was examined and graded on a similar scale. 


Results 


Clinical findings (Table I): The six patients ranged 
in age from 29 to 72 years (average 54); 4 were women 
and 2 were men. All of the patients were followed up for 
many years for chronic anemia; two had aplastic re- 
fractory anemia, one sickle cell anemia, one sideroblastic 
anemia and one di Guglielmo's syndrome. A sixth pa- 
tient had a history of alcoholism with folate deficiency 
anemia. Medical therapy included blood transfusions 
that reached massive proportions in four of the six cases. 
Congestive heart failure was present in five of the Six 
patients and represented a major factor in the death of 
three patients who had required several previous hos- 


TABLE | 
Summary of Six Cases 
Case no. | 
1 2 4 5 6 
Age (yr), race & sex 72 BM 29 BF 47 WF 54 BM 49 WF 70 BF 
Major clinical Refractory Sickle cell Aplastic Ethanolism; Sidero- DiGuglielmo's 
diagnosis anemia anemia anemia folate- blastic syndrome 
deficient meg- anemia 
aloblastic anemia 
Cause of death CHF CHF Sepsis Meningitis GHF Sepsis 
CHF Severe Severe Moderate None Severe Moderate 
ECG abnormalities Atrial Sinus tachy- Incomplete M SVT, 1? T wave 
fibrillation cardia; low right bundle heart inversions 
voltage; non- branch block block in Ill, aVF, 
specific S-T Vo-Ve 
and T wave 
changes 
Transfusions 
(units)/years 250/3 300/7 700/8 Few/3 Many/ 10 2100/3 
Cirrhosis Severe Severe Early Early Severe Early 
Tissue iron ; 
Liver 4+ 4+ 3-4+ 2-3+ 3-44 3+ 
Pancreas 4+ 3-4+ ot 2+ 3+ 3t 
Spleen 2+ 4+ 3+ 3-4+ 0-1+ FF 
Endocrine 
Thyroid 4+ 4+ NE 2t 4+ 2+ 
Adrenals 3+ 3+ 3+ 0-1+ 3+ 4+ 
Parathyroid 4+ 3-4+ NE 2+ NE 2-3+ 
Pituitary 3+ 2-3+ NE 2-3+ 2-3+ 2-3+ 
Stomach 3+ 4+ 2+ Zu 3+ 4+ 
Kidneys 1+ 3+ 2+ tt 2-3+ 2-3+ 
Lungs 3+ 2+ 4+ 2+ 1+ 1-2+ 


B = black; CHF = congestive heart failure; ECG = electrocardiographic; F = female; M = male; NE = not examined; SVT = supraventricular 
tachycardia; W = white. 
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pitalizations. Of the remaining three patients, one died 
of meningitis and two of sepsis. 

Electrocardiographic abnormalities present at least 
1 month before death included atrial fibrillation (Case 
1), sinus tachycardia, low voltage and nonspecific S-T 
and T wave changes (Case 2), incomplete right bundle 
branch block (Case 3), supraventricular tachycardia and 
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ial node (SAN). The 
muscle cells and interstitial tissue of the node otherwise appear normal. 
The nonspecialized atrial myocardium at the left shows more intense 
iron deposition than the node. (Gomori's iron reaction X350, reduced 
by 25 percent.) 








FIGURE 1. A and B, Case 2. Left ven- 
tricular myocardium showing intense 
iron deposition in muscle cells. Small 
collections of iron-containing macro- 
phages (arrows) correspond to lost 
muscle cells. C and D, Case 1. Left 
ventricular myocardium. There is 
marked iron deposition in muscle cells 
and macrophages. The interstitium has 
extensive fibrosis, and occasional in- 
jured muscle cells (arrow) also have 
calcium deposits in their sarcoplasm. 
(A and C, hematoxylin-eosin; B and D, 
Gomori's iron reaction; all X350, re- 
duced by 28 percent.) 


primary heart block (Case 5) and nonspecific T wave 
inversions (Case 6). In Case 1 the electrocardiogram at 
the time of the final hospital admission showed ante- 
rolateral ischemic changes, that probably correspond 
to focal myocardial necrosis found at autopsy. 

Anatomic findings: All hearts appeared darker than 
normal and weighed from 190 to 450 g. Histologic study 
revealed iron staining in the myocardium of all four 
chambers of all six hearts (Fig. 1). Staining was similar 
in the right and left atria but was slightly more intense 
in the left atrium. The ventricles had the most intense 
staining, in each case, the staining was one grade higher 
than in the atria. However, no difference in staining was 
demonstrated between the right ventricle, left ventricle 
or interventricular septum. In addition, the subepi- 
cardium, subendocardium and the middle third of each 
ventricular wall were found to stain for iron with equal 
intensity. Iron was demonstrated in the sinoatrial node 
in Cases 1 and 5 (Fig. 2). In both these cases and in Cases 
2 and 3 iron staining in the A-V node was present (Fig. 
3). Staining in the bundle of His and left and right 
branches was positive and of a similar grade in the same 
four cases that A-V nodal deposition. In Case 6 the S-A 
node was not located in the serial sections but the re- 
gions surrounding it showed only trivial iron deposition. 
The only positive staining of conduction tissue in Case 
6 occurred in the distal left bundle branch (Fig. 4). In 
Case 4 no iron was demonstrated in serial sections of all 
components in the conduction system. 

In Case 2 extensive focal cell necrosis was demon- 
strated in the vicinity of macrophage with engulfed 
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FIGURE 3. Case 2. A, section through the bundle of 
His (arrow) showing less intense iron deposition than 
the myocardium of the interventricular septum (IVS). 
CFB = central fibrous body; IAS = interatrial septum. 
B, muscle cells of the bundle of His. There is iron 
deposition in most cells, but necrosis is not seen. 
(Gomori's iron reaction X 12(A) and X350) (B), both 
reduced by 27 percent.) 


iron. Case 1 revealed severe loss of myocardial fibers 
with interstitial fibrosis and focal calcifications. Fi- 
brosis, where present in other cases, was very slight and 
considered negligible. Iron was not found in the nerves 
or arteries although it was present in one atheroma and 
encrustated on degenerating elastic fibers in two others. 
Such localization corresponded to calcium deposits. 
Several other organ systems demonstrated diffuse iron 
deposition (Table II). Hepatic cirrhosis was severe in 
three patients (Cases 1, 2 and 5); moderate early cir- 
rhotic changes were noted in three others (Cases 3, 4 and 
6). 


Discussion 


Although some investigators?.!? have disputed the as- 
sociation between cardiac iron deposition in cases of 
hemochromatosis and clinical findings of cardiac failure, 


FIGURE 4. Case 6. A, section of the atrioven- 
tricular node (AVN). B, sections of the distal bundle 
of His. There is no excess iron deposition in the 
specialized conduction tissue despite rather in- 
tense staining of the muscle cells of the inter- 
ventricular septum (IVS). CFB = central fibrous 
body; LB = left bundle. (A and B, Gomori's iron 
reaction X 12, reduced by 27 percent.) 
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arrhythmias or conduction disturbances, most studies! 
support this association. However, the precise mecha- 
nism of iron-induced injury remains unknown. 
Conduction system involvement: Whether the 
conduction system is the important site of injury is in 
dispute despite several recent attempts at clinico- 
pathologic correlation.?-?!!-!? Our findings support 
several other pathologic studies** that have docu- 
mented less iron in the conduction tissue than in the 
myocardium in general. In five of our six cases, the 
specialized conduction tissue was involved but to a 
lesser extent than the myocardium as a whole. However, 
the relative involvement of the various components of 
the conduction system is a more controversial subject. 
In a study of the conduction system in three cases of 
idiopathic and two cases of secondary hemochromatosis, 
James? observed diffuse staining of the A-V node and 
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TABLE Il 
Grading and Location of Iron Deposits in Six Cases 


Case no. 
1 2 3 4 5 6 


Heart weight (g) 450 380 
Right atrium 2+ 2-3+ 
Left atrium 3+ 2-3+ 
Ventricular walls 

Right O/M/I 3/3/3 3-4/3-4/3-4 

IVS O/M/I 3/3/3 3-4/3-4/3-4 

LV O/M/I 3/3/3 3-4/3-4/3-4 
S-A node 1 0 
A-V node 2 3 
Bundles 

His 2-3 3 

Left 2-3 3 

Right 2-3 3 


190 370 460 305 
1+ 1+ 2+ 1-2+ 
2+ 14% 2-3+ 2-3+ 
2/2/2 2/2/2 3/3/3 3/3/3 
2/2/2 2/2/2 3/3/3 3/3/3 
2/2/2 2/2/2 3/3/3 3-4/3/3 
0 0 0-1 NE 
0-1 0 2 0 
0-1 0 2 0 
0-1 0 2 0 
0-1 0 2 0; prox 
1-2, distal 


IVS = interventricular septum; LV = left ventricle; NE = not examined; O/M/I = outer/middle/inner parts of ventricular wall: prox — proximal. 


myocardium with sparing of the S-A node. Similarly, 
Davies" in his study of two patients with aplastic ane- 
mia found obliteration of the A-V nodes by iron but no 
involvement of the sinus nodes. However, the sinus node 
was involved in three of the six patients with chronic 
anemia studied by Schellhammer et al.,4 in two of three 
random sections in the study of Buja and Roberts? and 
in the one case of Sanyal et al.!! In two of our six cases 
of hemochromatosis the S-A node was involved but to 
a significantly lesser degree than the other components 
of the conduction system. In an additional case the 
distal left bundle branch was the only component of the 
conduction system that showed iron deposition. Al- 
though the ventricles showed the most severe degree of 
iron deposition, the S-A node was involved to a minimal 
degree, if at all. In four cases the remaining conduction 
system and heart were stained with intermediate in- 
tensity with the atria showing greater iron deposition 
than the A-V node and bundle tissue. In a fifth case the 
atria stained positively whereas no iron was demon- 
strable in the conduction system. 

Our findings indicate degrees of involvement of the 
heart by iron, suggesting that the bundle branches are 
involved early and the S-A node last, an observation 
supported by a review of other reports. In the three cases 
of Schellhammer et al.,* with iron in the S-A node, the 
deposition was always less severe than in the rest of the 
conduction tissue. Although the A-V node in general 
stained with similar or greater intensity, both the S-A 
and A-V nodes were spared in one of their cases in which 
the bundle tissue was involved, findings similar to those 
of our Case 6. Only Sanyal et al.!! recorded equal degree 
of involvement of S-A and A-V nodes, their case being 
a particularly severe example of exogeneous hemo- 
chromatosis in a 14 year old girl who required blood 
transfusions from age 1 month throughout her 14 
years. 

Correlation of electrocardiogram with iron de- 
position: Whether or not electrocardiographic abnor- 
malities correlate with iron deposition in the conduction 
tissue and the heart in general has been disputed. Buja 


and Roberts? believed that the atria were the important 
site of injury. In their study, four of five patients with 
extensive atrial iron deposits had supraventricular ar- 
rhythmias. However, in the four patients whose con- 
duction system was examined, the specialized myo- 
cardial fibers also showed iron deposition. In two of our 
cases moderate iron deposition in the atria was dem- 
onstrated, but no history of electrocardiographic ab- 
normalities recorded. However, our findings suggest 
that iron deposition in the conduction system is a 
manifestation of severe iron storage elsewhere in the 
heart and that it is associated with electrocardiographic 
abnormalities. All the cases that revealed iron storage 
in the A-V node or His bundle tissue had documented 
clinical electrocardiographic abnormalities. In the two 
cases in which all components of the conduction system 
manifested iron deposition, atrial fibrillation was 
demonstrated in one and both supraventricular 
tachycardia and first degree heart block in the other. 
Sinus tachycardia, low voltage and nonspecific ST-T 
wave changes were clinically evident in another patient 
who had grade 3 involvement of the A-V node and 
bundle tissue but an uninvolved S-A node. In the two 
cases with minimal iron deposition, an incomplete right 
bundle branch block was present in one (Case 3) and T 
wave inversions in the other (Case 6). The one patient 
with no demonstrable conduction tissue iron despite 
involvement of both atria and ventricles had both heart 
failure and electrocardiographic abnormalities. 
Review of past experience in correlating elec- 
trocardiograms with conduction system involve- 
ment: Of the 23 cases reported in which both the S-A 
and A-V nodes were adequately examined and clinical 
data obtained, including 5 of our 6 cases, the most 
common finding was supraventricular rhythm distur- 
bances (9 cases). These encompassed paroxysmal 
tachycardia, supraventricular tachycardia, atrial fi- 
brillation and atrial flutter. All nine patients had iron 
deposits in the A-V node but only six had iron deposits 
in the S-A node. The second most common abnormality 
was A-V block (seven cases); all seven patients had iron 
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in the A-V node and three had iron in the S-A node. Two 
additional patients had sinus tachycardia and one had 
premature ventricular complexes. Two patients had 
iron in the A-V node but no electrocardiographic ab- 
normalities. Two patients had no conduction tissue iron 
despite an abnormal electrocardiogram, one showing 
premature atrial complexes and paroxysmal atrial 
tachycardia. In 1 of the 23 cases there were no recorded 
electrocardiographic abnormalities and no iron depos- 
ited in the conduction system. In one patient, who had 
iron in the A-V node, electrocardiographic abnormali- 
ties were present but their type was unspecified. In an 
additional two cases abnormal ausculatory findings were 
appreciated but no electrocardiogram performed. Un- 
fortunately, data on the bundle of His and bundle 
branches has been less systematically reported. 

We conclude that electrocardiographic abnormalities 
are correlated with iron deposited in the conduction 
system of the heart, especially the A-V node, His bundle 
and bundle branches, and are more often manifested by 
supraventricular rhythm disturbances than by A-V 
conduction block. In our study we were unable to es- 
tablish further correlations between types of arrhyth- 
mias or conduction disturbances and the components 
of conduction tissue involved. Atrial involvement alone 
in amyloidosis!?!4 and ischemic injuries!” has been in- 
voked as a causative mechanism of atrial fibrillation by 
disruption of internodal fiber tracts and may have 
contributed to its pathogenesis in our case. However, 
none was noted in the other cases including that case 
(Case 2) with the severest disease. The explanation of 
conduction block is even more difficult. Although con- 
duction block was present in two of our patients with 
iron deposits in the A-V node and bundle tissue, none 
was clinically evident in two patients (Cases 1 and 2) 
with documented iron storage. 

Myocardial injury: role of iron deposition: Al- 
though our data indicate a correlation between iron 
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deposition and myocardial dysfunction, it is not clear 
whether the iron itself produces myocardial injury. In 
experimental models there has been no evidence of 
functional damage due to iron storage alone. Some 
investigators have considered fibrosis in the nodal tissue 
significant, but we found it an insignificant factor, ex- 
cept in one patient (Case 1) in whom fibrosis was 
present in association with loss of myocardial fibers and 
calcification. Although iron deposition was moderately 
severe in this case and involved all components of the 
conduction tissue, fibrosis was not demonstrated in our 
other cases. Although an additional patient had focal 
myocarditis with granulomatous features (Case 3) and 
one other revealed mild focal loss of myocardial fibers 
(Case 2), we could not unequivocally associate iron 
storage as such with morphologically appreciated 
myocardial injury. In fact the absence of associated 
myocardial degeneration was striking given the extent 
of iron storage. 

Conclusions: Systemic iron storage disease appears 
to be manifested in the heart by a gradient of involve- 
ment, the ventricles being the site of severest accumu- 
lation. The conduction tissue reveals relatively less iron 
than the myocardium as a whole and the sinoatrial node 
is the component least involved. Bundle branch tissue 
may accumulate iron whereas the other conducting fi- 
bers are spared. Finally, electrocardiographic abnor- 
malities appear to correlate with iron accumulation in 
the specialized conduction tissue, although such accu- 
mulation in itself is a manifestation of severe overall 
myocardial iron storage. The gradient of iron accumu- 
lation in the conduction system as in the remaining 
myocardium may be explained as reflecting the work 
done by the various tissues. À similar relative sparing 
of the specialized conduction system in comparison with 
working myocardium has been noted in patients with 
ischemic heart disease!? and in those with progressive 
systemic sclerosis.!° 
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Increases in peripheral arterial pressure of 5 mm Hg or more were noted 
during retrograde withdrawal of a catheter from the left ventricle to the 
central aorta in 15 of 42 patients with aortic stenosis undergoing cardiac 
catheterization. These increases were noted in 15 of 20 patients (75 
percent) with an aortic valve area of 0.5 cm? or less but in none of the 22 
patients with an aortic valve area of 0.7 cm? or more (P <0.001). The 
Gorlin formula and known catheter dimensions were used to predict the 
expected increase in systolic mean arterial pressure given a constant left 
ventricular pressure and cardiac output during catheter withdrawal. An 
average predicted increase of 12.3 + 1.2 mm Hg (mean + standard error) 
compared with an observed increase of only 4.5 + 0.6 mm Hg suggested 
either that the Gorlin formula consistently underestimates true aortic valve 
area or that other hemodynamic changes (such as an increase in left 
ventricular systolic pressure or a decrease in cardiac output, or both) 
occur in response to the presence of the retrograde catheter. 

It is concluded that an increase in peak arterial pressure of 5 mm Hg 
or more during catheter withdrawal from the left ventricle is an ancillary 
hemodynamic finding of critical aortic stenosis. Although the mechanism 
of this phenomenon is uncertain, partial obstruction of an already narrowed 
aortic orifice by the retrograde catheter and relief of this obstruction with 
catheter withdrawal may be operative. 


Retrograde catheterization of the left ventricle in patients with aortic 
stenosis has been used routinely to evaluate the severity of that lesion. 
However, the hemodynamic effects of retrograde catheter passage into 
the left ventricular chamber across a stenotic valve (or correspondingly, 
of catheter withdrawal across the stenotic valve) have not been described 
to our knowledge. 

We were prompted to investigate this subject when we noted a sig- 
nificant increase in recorded femoral arterial monitor pressure while a 
retrograde brachial arterial catheter was being withdrawn from the left 
ventricle to the aorta in a patient with severe aortic stenosis. We won- 
dered whether the retrograde catheter had itself contributed to the ef- 
fective stenosis by partially obstructing an already narrowed aortic or- 
ifice, thereby decreasing left ventricular afterload. This study was un- 
dertaken to assess the role of the retrograde catheter itself as a con- 
tributing factor to the hemodynamic severity of left ventricular outflow 
obstruction in patients with aortic stenosis. 


Methods 


Patients: Pressure recordings from all patients with aortic stenosis who un- 
derwent cardiac catheterization in our laboratory from January 1, 1976 to March 
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1, 1978 were reviewed. Of 93 patients with aortic stenosis, 42 
(45 percent) had pressure tracings that demonstrated con- 
tinuous recording of peripheral arterial pressure during 
pullback of a retrograde catheter from the left ventricle to the 
central aorta. In all patients, the left ventricular catheter was 
inserted through the right brachial artery while peripheral 
arterial pressure was monitored with use of a PE 160 catheter 
inserted percutaneously into the right femoral artery. Cardiac 
output was determined in each patient with the Fick method. 
The aortic valve area (AVA) was determined using the for- 
mula of Gorlin and Gorlin!: 


_ CO/HRxSEP 
WM 44.5 VAP ' 


where CO is cardiac output, HR is heart rate, SEP is systolic 
ejection period/beat and AP is the mean systolic pressure 
gradient, measured with planimetry of the area between re- 
corded left ventricular and peripheral arterial pressure. 
Thirty-eight patients had sinus rhythm and four had atrial 
fibrillation. In patients with normal sinus rhythm the average 
of the peak systolic and mean systolic arterial pressures of the 
five beats immediately before pullback were measured and 
compared with the average of the pressures of the five beats 
immediately after pullback. No patient had pulsus alternans. 
In the patients with atrial fibrillation 10 beats before and after 
pullback were analyzed. 

Calculation of predicted pressure change with cath- 
eter withdrawal: The size of the catheters used to enter the 
left ventricle was known in every case. All catheters had 
multiple side holes for pressure measurement and angiogra- 
phy, and the most commonly used catheters were the Ep- 
pendorf or Lehman angiographic (USCI, Billerica, Massa- 
chusetts), and PC 481 Millar Mikrotip (Millar Instruments, 
Houston, Texas) catheters. Using 0.045 cm? for the cross- 
sectional area of no. 7F catheters and 0.058 cm? for the 
cross-sectional area of no. 8F catheters (according to specifi- 
cations of the companies manufacturing the catheters) we 
calculated the predicted changes in arterial mean systolic 
pressure that should have occurred with catheter withdrawal 
from the left ventricle assuming that (1) aortic valve area in- 
creased by the amount equal to the appropriate catheter area; 
(2) cardiac output and left ventricular systolic pressure remain 
unchanged during pullback, and; (3) the Gorlin formula ac- 
curately measures aortic orifice area. 

An expression for the predicted change in arterial pressure 
was derived from the Gorlin formula: 


CO/HR - SEP 
44.5 V Prv — (P, + AP) 


CO?/HRA(SEP?) 
[Piv — (P, + AP)] - 1980.25 


CO?/HR? - SEP? 
(AVA + AAVA)? - 1980.25 


CO?/HR?SEP? 
(AVA + AAVA)? 1980.25 


[ CO?/HR? - SEP? 
(AVA + AAVA)? - 1980.25)’ 


where AP is the increase in arterial mean systolic pressure 
(mm Hg) after pullback, (PLy — P,) is the initial mean gra- 
dient (mm Hg), CO is cardiac output (liters/min), HR is heart 
rate (per min), SEP is systolic ejection period (sec), AVA is 
initial aortic valve area (cm?) and AAVA is catheter cross- 
sectional area (cm?). We then compared predicted changes 
in arterial mean systolic pressure with those observed. 


AVA + AAVA = 


[AVA + AAVA]? = 


Pv — (P, + AP) = 


—AP = -Piv + P, + 


AP = Piy =P; 
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Results 


Aortic valve area in the 42 patients studied ranged 
from 0.2 to 1.5 cm?. The hemodynamic data for each 
patient are shown in Table I. None of the 22 patients 
with an aortic valve area of 0.7 cm? or more had an in- 
crease in peak systolic arterial pressure of 5 mm Hg or 
less after withdrawal of the catheter from the ventricle, 
whereas 15 of 20 (75 percent) patients with an aortic 
valve area of 0.6 cm? or less had such an increase (range 
5 to 21 mm Hg). The percent of patients with a signifi- 
cant increase in peak systolic pressure after left heart 
pullback increased inversely with aortic valve area (Fig. 
1). An example of the pressure increase is shown in 
Figure 2. 

Increases in mean arterial systolic pressure were 
generally smaller than increases in peak systolic pres- 
sure and ranged from 2 to 10 mm Hg. In every case the 
actual increase in mean systolic arterial pressure was 
less than predicted. The average predicted increase in 
mean systolic pressure for the patients with an aortic 


TABLE ! 
Hemodynamic Data in 42 Patients With Aortic Stenosis 
; Change in 
Change in } 
Age Aortic Peak Mean Systolic 
(yr) Valve Arterial Arterial Pressure 
Case & Area Pressure - zr. O s 
(no. Sex (cm?) (mm Hg) Observed Predicted 

1 49M 1.5 0 0 1 

2 60M 1.5 0 0 2 

3 59M 1.2 0 0 2 

4 71F 1.1 0 0 3 

5 52F 1.0 0 0 3 

6 70M 1.0 0 0 3 

8 78F 0.9 0 0 3 

9 58M 0.9 0 0 3 
10 53M 0.9 0 0 7 
11 80M 0.9 0 0 5 
13 62M 0.9 0 0 5 
14 29M 0.8 0 0 6 
15 80F 0.8 3 0 7 
17 56F 0.8 0 0 4 
18 68F 0.8 0 0 3 
20 41M 0.8 0 0 4 
21 50M 0.8 2 0 11 
22 49M 0.7 0 0 7 
23 63F 0.6 0 0 7 
24 75M 0.6 5 9 12 
25 56M 0.6 0 0 5 
26 66M 0.5 0 0 7 
28 60M 0.5 9 8 12 
29 63F 0.5 9 4 9 
39 68F 0.4 7 5 8 
35 70M 0.4 2 0 6 
36 73M 0.4 13 6 7 
97 57F 0.4 21 10 12 
39 64F 0.3 9 6 17 
41 62F 0.2 6 8 24 
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FIGURE 1. Relation of aortic valve area to the percent of patients ex- 
hibiting an increase in peak systolic arterial pressure of 5 mm Hg or 
greater during withdrawal of the left heart catheter from the left ventricle 
to the aorta. This increase in arterial systolic pressure was seen only 
in patients with an aortic valve area 0.6 cm? or less, and was most 
common in patients with the most severe stenosis. 


valve area of 0.6 cm or less was 12.3 + 1.2 mm Hg, 
_ whereas the observed increase was 4.5 + 0.6 mm Hg. 


Discussion 


Although much has been written about cardiac 
catheterization of patients with valve stenosis, little has 
been said about the hemodynamic consequences of ei- 
ther catheter passage or catheter withdrawal across the 
_ stenotic valve. Increased obstruction to outflow and 
hemodynamic decompensation were described by Paul 
and Rudolph? during pulmonary arterial catheterization 
in 8 of 31 children with severe pulmonaty stenosis. In 
each of the eight patients, the pulmonary valve area was 
0.15 cm? or less. We are unaware of similar reports 
concerning the aortic valve. No such hemodynamic 
deterioration was seen in any of our patients, although 
none had an aortic valve area of less than 0.2 cm?. No 
. hemodynamic decompensation was noted by others?-^ 
in several large series of retrograde aortic valve cathe- 
. terizations. | | 

Effect of the catheter in presehce of severe aortic 
stenosis: Compared with the normal adult aortic orifice 
area of 3.0 cm? or more, a catheter with a cross-sectional 


E on 2 fy 


MES AGES QR RS EC 
X GOMA SEU DIA Ee Ea. 





area of 0.05 cm? presents negligible (approximately 1 
percent) orifice narrowing. However, for a severely 
stenotic aortic valve with an area of 0.2 to 0.6 cm?, the 
same retrograde catheter will compromise the valve 
orifice by 8 to 25 percent (Fig. 3). Therefore arterial 
systolic pressure might be expected to decrease when 
a catheter is passed across a severely stenotic aortic 
valve because of the increased obstruction to outflow 
that the catheter produces. This change should be re- 
versed with removal of the catheter. We did find a small 
but definite increase in peripheral arterial systolic 
pressure in most patients with àn aortic valve area of 0.6 
cm? or less. The tighter the stenosis, the more likely it 
was that an increase in pressure occurred and the con- 
verse was also true. Although possible, it is unlikely that 
this finding represents an artifact of catheter with- 
drawal because it occurred only in patients with severe 
aortic stenosis rather than occurring randomly in both 
groups of patients. No patient with an aortic valve area 
of 0.7 cm? or greater had a measurable increase in pe- 
ripheral arterial pressure detected at left heart pullback. 
‘Thus, an increase in peripheral arterial pressure during 
left heart pull-back is an ancillary finding in severe 
aortic stenosis. Because this was not seen in patients 
with moderately severe aortic stenosis with a valve area 
of 0.6 cm? to 0.8 cm? the absence of this sign does not 
exclude moderately severe stenosis. 

This phenomenon would not be expected to occur 
with transseptal catheterization. Insofar as the retro- 
grade catheter does exacerbate aortic outflow obstruc- 
tion, the transseptal technique might be considered 
theoretically preferable, especially in the decompen- 
sated patient with severe aortic stenosis. 

Other possible causes of pressure changes: It is 
also possible but unlikély that aortic regurgitation in- 
duced by catheter passage and resumption of aortic 
competency with catheter withdrawal produced the 
changes described. Catheter-induced aortic regurgita- 
tion should have been as common (or even more com- 
mon) in patients with mild aortic stenosis as in those 
with severe aortic stenosis. Furthermore, if retrograde 
entry of the left ventricle induced significant aortic 
regurgitation, widening of the arterial pulse pressure or 
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FIGURE 2. Case 37. Pressure re- 
cordings made during catheter 
withdrawal from the left ventricle 
(LV) to the aorta demonstrating an 
increase in femoral arterial (FA) 
pressure of 21 mm Hg (AP). ECG — 
electrocardiogram. 
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increases in pulmonary wedge pressure might have been 
expected. These did not occur. 

Causes of disparity between predicted and mea- 
sured aortic pressure: The predicted increases in 
aortic pressures during catheter withdrawal from the 
left ventricle exceeded those measured in every case. 
The inaccuracy of these predictions suggests that one 
or more of the assumptions on which they were based 
was faulty. First, it must be recognized that there are 
limitations to the accuracy of the Gorlin formula, which 
is widely used in evaluating stenotic valves and is the 
most accurate method now known of hemodynamically 
assessing valve area. However, a catheter inserted across 
a stenotic valve could further increase orifice eccen- 
tricity, accentuating any inherent inaccuracies of valve 
areas determined with the formula. In addition, the 
Gorlin formula could in some way consistently under- 
estimate true aortic orifice area. If this were the case, the 
catheter cross-sectional area (which was precisely 
known) would be proportionately greater relative to the 
calculated valve area than to the actual valve area and 
hence withdrawal of the catheter would be predicted to 
cause a greater increase in aortic pressure than that 
observed. 

Second, our predictions assumed that left ventricular 
systolic pressure and cardiac output remained constant 
during pullback. It is also possible that this assumption 
was faulty and that one or both of these variables 
changed concomitantly with the catheter withdrawal. 
In this regard, Goodyer et al. demonstrated an increase 
in left ventricular systolic pressure with aortic nar- 
rowing, whereas Walston et al.’ found an abrupt in- 
crease in left ventricular systolic pressure as well as a 
decrease in stroke volume with sudden aortic constric- 
tion. Presumably the opposite results occur with the 
sudden partial decrease in aortic outflow obstruction 
that occurs with catheter withdrawal, that is, an increase 
in cardiac output and a decrease in left ventricular 
systolic pressure. In support of this contention are the 
findings of Weber et al.® that end-systolic volume de- 
creases and stroke volume increases when left ventric- 
ular afterload is suddenly reduced in a servo-controlled 
canine heart preparation. . 

In view of these experimental studies, it seems pos- 
sible that left ventricular systolic pressure decreases and 
cardiac output increases immediately after catheter 
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FIGURE 3. Relation of a catheter with a cross-sectional area of 0.05 
cm? to a normal (left) and a stenotic (right) valve. The catheter is pro- 
portionately much larger in relation to the stenotic valve. 


pullback in patients with severe aortic stenosis in whom 
the catheter itself exacerbates the stenosis. Because 
increasing both cardiac output and aortic valve area 
would produce an increase in peripheral arterial pres- 
sure, it is also possible that a decrease in left ventricular 
systolic pressure explains the smaller observed increase 
in peripheral arterial pressure than that predicted. 
Obviously this is only speculation. Confirmation of this 
view would require a second left ventricular catheter 
placed transseptally to measure intraventricular pres- 
sure changes during withdrawal of the retrograde 
catheter. Although this seems unwarranted in human 
beings it could be confirmed in an experimental 
model. 

Clinical implications: We have demonstrated that 
an increase in arterial systolic pressure occurs in some 
patients with aortic stenosis during pullback of a ret- 
rograde catheter from the left ventricle to the aorta. Our 
findings indicate that an increase in arterial systolic 
pressure of 5 mm Hg or greater during left heart pull- 
back is virtually diagnostic of severe aortic stenosis 
because it was seen only in patients with an aortic valve 
area of 0.6 cm? or less. Catheter withdrawal may also 
result in other hemodynamic changes (for example, an 
increase in cardiac output or a decrease in left ventric- 
ular systolic pressure) that will require further studies 
for elaboration. 'The routine monitoring of peripheral 
arterial pressure during retrograde catheterization of 
patients with aortic stenosis may yield valuable diag- 
nostic information, as well as serve as an important aid 
to patient safety. 
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In three patients with incessant supraventricular tachycardia, the anatomic 
substrate was a left-sided atrioventricular (A-V) accessory pathway. In 
two patients there was no expression of anterograde conduction through 
this pathway during spontaneous or induced atrial rhythms. The three 
patients had had increasingly frequent palpitations for more than 10 years 
despite adequate antiarrhythmic drug therapy. 

Preoperative intracardiac studies indicated that a left lateral accessory 
pathway was utilized in the retrograde limb of supraventricular tachycardia 
in all three patients. The spontaneous initiation of supraventricular 
tachycardia was due to (1) frequent spontaneous ventricular premature 
beats in two patients, (2) increase in sinus rate in two patients, and (3) 
ventriculoatrial reentry without preceding changes in sinus rate or intra- 
cardiac conduction intervals in one patient. 

At operation the accessory pathway was located in two patients with 
epicardial and endocardial electrographic mapping and cryothermal 
mapping. In one patient the His bundle was located with electrographic 
and cryotherma! mapping. The accessory pathway (two patients) or the 
His bundle (one patient) were cryoabiated by freezing over the area of 
the conducting tissue for 120 seconds at a temperature of —65° C. At- 
tempts to reinitiate supraventricular tachycardia after this procedure were 
unsuccessful. The operation was without significant morbidity. During 
follow-up for 3 to 10 months, no patient has experienced any further at- 
tacks of supraventricular tachycardia or required antiarrhythmic 
drugs. 

These observations confirm that an A-V accessory pathway may be 
the anatomic substrate for incessant or persistently repetitive tachycardias 
that may be resistant to medical and pacing therapy. Surgical interruption 
or cryothermal ablation of part of the reentrant circuit may abolish 
tachycardia, thus providing proof of the underlying mechanism. 


Although the first clear description of repetitive paroxysmal supra- 
ventricular tachyeardia was made by Lewis! in 1909, it was not until 1922 
that Gallavardin and Veil% reported on several series of patients. Par- 
kinson and Papp* introduced the term “repetitive paroxysmal tachy- 
cardia,” and recently the term “incessant tachycardia” ? has regained 
usage.97 The majority of incessant supraventricular tachycardias arise 
in the atria^"? or atrioventricular (A-V) node!®!! but recently A-V 
reentry utilizing direct anomalous A-V connections has been demon- 
strated in some cases.9.!? Gallagher and Sealy!” studied one such patient 
with a concealed accessory pathway. They achieved lasting abolition of 
the arrhythmia by surgical destruction of the His bundle. 
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In this report we present three patients with incessant 
supraventricular tachycardia whose preoperative 
electrophysiologic studies suggested a reentrant A-V 
mechanism involving a left-sided direct ventriculoatrial 
connection. At the time of surgery, accessory pathway 
ablation in two patients and His bundle ablation in one 
patient resulted in abolition of these tachycardias. This 
selective surgery provides the final proof that incessant 
or repetitive paroxysmal tachycardias may result from 
reentry involving manifest or concealed anomalous 
pathways. 


Methods 


Patients: The clinical data on the three patients are sum- 
marized in Table I. Each patient had had increasingly fre- 
quent paroxysms of palpitations for more than 10 years, and 
a variety of antiarrhythmic agents including propranolol, 
disopyramide, digoxin, verapamil and amiodarone had failed 
to affect the arrhythmias. At the time of presentation, the 
tachycardias were persistently repetitive. Two patients had 
an enlarged heart on chest radiography but there was no 
clinical evidence of left ventricular failure. No patient had 
abnormal physical signs or abnormal results of routine blood 
tests. At least one 24 hour dynamic electrocardiogram was 
performed in each patient. | 

Preoperative studies: Preoperative electrophysiologic 
studies were performed withthe patientifasting and unseda- 
ted. All antiarrhythmic drugs were withdrawn 1 week before 
the study. Under local anesthesia four bipolar electrode 
catheters were positioned in the high right atrium for pacing 
and sensing, against the septal leaflet of the tricuspid valve 
to record the His potential, and in the apex of the right ven- 
tricle. A quadripolar electrode catheter could be positioned 
in the coronary sinus through the left basilic vein in Cases 1 
and 3. The His bundle electrode was adjusted to record clearly 
distinguishable atrial, His bundle and ventricular electro- 
grams. Intracardiac signals were filtered between 50 to 700 
hertz and recorded on an Elema Mingograf together with 
surface electrocardiographic leads I, aVF, V; and V¢ at paper 
speeds of 100 or 250 mm/sec. Stimulation was achieved with 
a Devices programmable stimulator using pulses with a du- 
ration of 1.5 to 2.5 msec at two to three times diastolic 
threshold. Cardiac conduction was studied using the extra- 
stimulus technique.!? During sustained tachycardia the effect 
of various pacing techniques in terminating tachycardia was 
assessed. 


TABLE ! 
Clinical Summary of Three Cases 
Age ECG in 
Case (yr) Sinus 
no. & Sex Symptoms Rhythm DCG 
1 40F Palpitations Normal PSVT 
for 10 years 
2 39M Palpitations Normal PSVT, 
for 20 years AFI, PAT 
3 60M Palpitations WPW, type A PSVT 


for 11 years (intermittent) 


m 
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Left ventricular angiography and coronary arteriography 
were performed in Cases 2 and 3. 


j 


i 


The term “atrioventricular tachycardia” describes sus- — 


tained reentry over a circuit comprising the A-V node, His 
bundle, ventricle, accessory pathway and atrium. 
Operative studies and procedures: All antiarrhythmic 
agents were discontinued at least 1 week before operation. The 
heart was exposed through a median sternotomy and myo- 
cardial bipolar hook electrodes were sutured to the right 
atrium, the right ventricle and, in one patient (Case 2), the left 
ventricle. In Cases 1 and 3 a bipolar electrode was positioned 
in the coronary sinus either through a right atrial puncture 
wound (Case 3) or preoperatively through the subclavian vein 
(Case 1). A tripolar hand-held mapping probe with platinum 
electrodes, 1 mm in diameter, set in araldite 2 mm apart was 
used to sample electrograms from predetermined points on 
the chamber of interest. All epicardial signals were processed 
as described for the preoperative studies and recorded with 
the surface electrocardiogram. At each sampling position the 
point at which the maximal deflection of the local electrogram 
crossed the baseline was timed to the nearest 5 msec in relation 


to a fixed reference electrogram and the surface electrocar- 


diogram. A stable relation between the reference recording 
and the electrocardiogram was required before measurements 
were accepted as valid. The earliest activation time on any 
given chamber was corrected to 0. All mapping procedures 
were performed on the beating heart with or without the use 
of normothermic cardiopulmonary bypass. 


Areas subjected to electrographic mapping were the right 


atrial epicardium (Cases 1 to 3), right atrial endocardium 
(Case 2), the posterior epicardial surface of the left atrium 
through the coronary sinus (Cases 1 to 3), the left atrial en- 
docardium (Cases 1 and 3) and the left ventricular epicardium 
(Case 3). 

The region of the accessory pathway was located electro- 
graphically on the left atrial epicardial and endocardial sur- 
faces in Cases 1 and 3. The endocardial area of interest was 
then cooled to —10° C during ventricular pacing (Case 1) or 
reentrant A-V tachycardia (Case 3). Cooling to —65° C for 2 
minutes was used to inflict irreversible damage and abolish 
accessory pathway conduction. In Case 2 it was elected to 
damage the His bundle rather than the accessory pathway 
because this patient also had distressing atrial arrhythmias 
with rapid ventricular rates as a result of conduction over the 
normal pathway. The His bundle was located electrographi- 
cally in the floor of the right atrium and cooling was performed 
in the area of the maximal His bundle deflection. Topical 


Chest 
X-ray Preoperative Follow-Up 
Film Studies _ Operation and Treatment 
Normal Concealed left Cryoablation 7 mo., no SVT, 
AP, AVRT of AP no drugs 
Cardio- Concealed left Cryoablation 10 mo., no SVT, 
megaly AP, AVRT of His bundle VVI pacemaker, 
no drugs 
Cardio- Concealed left Cryoablation 3 mo., no SVT, 
megaly AP, AVRT of AP no drugs 


AFI = atrial flutter; AP = accessory pathway; AVRT = atrioventricular reentrant tachycardia; DCG = dynamic electrocardiographic recording; 
ECG = electrocardiogram; PAT = paroxysmal atrial tachycardia; PSVT = paroxysmal supraventricular tachycardia; WPW = Wolff-Parkinson-White 


syndrome. 
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hypothermia was achieved using a cryoprobe with a 4.5 mm 
diameter tip. The flow of nitrous oxide through the tip was 
regulated by a Spembley-Amoils TCC 42 cryo-unit. 


Results 


Preoperative Studies 


Twenty-four hour dynamic electrocardiography: 
This revealed long periods of regular reentrant tachy- 
cardia for more than 90 percent of the monitored time 
in all three patients (Table I). 

Electrophysiologic study: Incessant tachycardia 
was present throughout this study in all three patients. 
Formal conduction studies were, therefore, not possible. 
During A-V reentrant tachycardia, anterograde con- 
duction occurred over the A-V node and His bundle 
with retrograde conduction to the atria through the 
ventricles and the accessory pathway. Coronary sinus 
“mapping” established that earliest retrograde atrial 


ini c EEEE 


FIGURE 1. Case 1. Spontaneous 
initiation of atrioventricular reen- 
trant tachycardia after termination 
by double atrial extrastimuli (S4 
and S5). DCSE = distal coronary 
sinus electrogram; HBE = His bun- 
dle electrogram; HRAE = high 
right atrial electrogram; PCSE = 
proximal coronary sinus electro- 
gram. |, aVF, V, and Vg are sur- 
face electrocardiographic leads. 
A, H and V are atrial, His bundle 
and ventricular deflections, re- 
spectively, during sinus rhythm 
and A’ is the atrial deflection dur- 
ing tachycardia. Paper speed = 
100 mm/sec. 


activation occurred in the region of the mid lateral 
coronary sinus in Cases 1 and 3 (Fig. 1 and 2). In Case 
2, a coronary sinus catheter could not be positioned. 
Premature atrial capture by a right ventricular pre- 
mature beat delivered synchronously with or immedi- 
ately after the His bundle deflection could not be 
achieved in any patient. However, in Case 2, a sponta- 
neous ectopic complex of left ventricular configuration, 
fortuitously occurring simultaneously with the His de- 
flection, resulted in atrial capture suggesting the pres- 
ence of an additional pathway available for ventricu- 
loatrial (V-A) conduction (Fig. 3). Bundle branch block 
during tachycardia was not observed in any case. 
Termination and initiation of tachycardia: In 
Case 1, tachycardia could be terminated by double right 
atrial or right ventricular premature complexes, rapid 
atrial stimulation and coronary sinus underdrive pacing. 
In each instance, tachycardia resumed within 10 seconds 
(Fig. 1). On some occasions this was related to prolon- 
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FIGURE 2. Case 3. Spontaneous initiation 
of atrioventricular tachycardia by a ventricu- 
lar premature complex. Abbreviations as 
in Figure 1. 
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FIGURE 3. Case 2. Shortening of the atrial tachycardia 
cycle length immediately after a spontaneous ventricu- 
lar premature beat occurring simultaneously with the 
His deflection. RVAE = right ventricular apical electro- 
gram; other abbreviations as in Figure 1. 


gation of the A-H interval of the initiating sinus beat, 
but at other times spontaneous initiation occurred with 
an atrial echo after the last of several sinus beats at a 
regular rate and without A-H or P-R prolongation. 
Similar episodes were observed during 24 hour dynamic 
electrocardiographic monitoring. Repeated initiation 
of tachycardia in Case 2 occurred as a result of frequent 
spontaneous atrial or ventricular premature beats. 
Termination of tachycardia required three right atrial 
premature complexes, or two right ventricular prema- 
ture complexes or rapid right atrial pacing. Spontaneous 
reinitiation of tachycardia usually occurred within 60 
seconds. 

In Case 3, tachycardia was terminated by double right 
ventricular premature complexes or rapid atrial pacing. 
Spontaneous ventricular premature complexes reini- 
tiated tachycardia within 100 seconds (Fig. 2). In both 
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Cases 2 and 3, similar ectopic beats with subsequent 
tachycardia were observed on the 24 hour electrocar- 
diographic recording. Preexcitation during coronary 
sinus pacing was present only in Case 3. 


Operative Studies and Procedures 


Right atrial epicardial mapping during A-V 
reentrant tachycardia: The activation sequence of the 
right atrial epicardium in each of the three patients is 
illustrated in Figure 4. In all three cases, earliest epi- 
cardial activation was observed on the roof of the in- 
teratrial septum in the region of Bachmann’s bundle. 
Activation proceeded over the surface of the right 
atrium in an inferolateral direction. In two patients 
(Cases 1 and 2) a second, but later, area of epicardial 
breakthrough was noted close to the A-V groove and the 
inferior vena cava. 


RIGHT ATRIAL MAP 
JUNCTIONAL TACHYCARDIA 


FIGURE 4. Right atrial epicardial activation times during atrioventricular reentrant tachycardia in Cases 1 (GL), 2 (RH) and 3 (BM). RAA = unfolded 


right atrial appendage. Arrow indicates earliest point of atrial activation. 
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FIGURE 5. Diagrammatic representation of the mitral valve (MV) ring 
and coronary sinus (CS) showing a quadripolar catheter in position. 
Closed stars indicate earliest epicardial activation points and open 
stars, earliest endocardial activation in the three patients (pt). LAA = 
left atrial appendage. 


Left atrial epicardial and endocardial mapping 
during A-V reentrant tachycardia (Fig. 5): Intra- 
luminal coronary sinus catheter mapping at the time of 
operation during tachycardia confirmed the preopera- 
tive location of the accessory pathway. In Case 1 the 
earliest epicardial atrial activation was discovered close 
to the marginal branch of the left circumflex coronary 
artery; in Case 2 the earliest activation occurred adja- 
cent to the left atrial appendage, and in Case 3 it oc- 
curred midway between the crux and the first marginal 
branch of the circumflex artery. 

In Cases 1 and 3, exploration of the left atrial endo- 
cardium around the A-V ring revealed earliest atrial 
activation at corresponding endocardial points. Figure 
5 shows the electrographic position of the accessory 
pathways in the three patients. 

Left ventricular epicardial activation: The left 
ventricular epicardial activation sequence was investi- 
gated in Case 3 during atrial pacing at a rate sufficient 
to produce preexcitation. The earliest epicardial acti- 
vation occurred at a point directly adjacent to the ear- 
liest atrial activation during tachycardia (Fig. 6). 

Cryoablation: After location and cryoablation of the 
accessory pathways in Cases 1 and 3, and the His bundle 
in Case 2, attempts to reinitiate tachycardia before and 
after discontinuation of cardiopulmonary bypass were 
unsuccessful. In addition, V-A conduction over the ac- 
cessory pathway was absent in both Cases 1 and 3. 
Figure 7 shows the effect of cooling to —10° C during 
reentrant tachycardia in Patient 3. 

In Case 2 complete heart block followed profound 
topical hypothermia in the region of the His bundle, and 
a programmable ventricular demand pacemaker was 
implanted and connected to a left ventricular epicardial 
electrode. 


Follow-Up 


Details of patient follow-up are shown in Table I. All 
operations were without significant morbidity. No pa- 
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FIGURE 6. Case 3 (BM). Computer-generated stylized map of the left 
ventricular (LV) epicardial surface. Figures indicate the activation times 
during atrial pacing. AV = atrioventricular; LAA = left atrial appendage; 
LAD = left anterior descending coronary artery; PDA = posterior de- 
scending coronary artery. 


tient has had a recurrence of symptomatic arrhythmias 
and antiarrhythmic therapy has not been required. In 
Cases 2 and 3 the heart size has decreased although it 
has not returned to normal. 


Discussion 


Although much has been written about “repetitive” 
paroxysmal or “incessant” tachycardias since the 
original descriptions of Bouveret!* and Lewis,! only in 
recent years have attempts been made to define some 
of the mechanisms of these arrhythmias.® 8-10-12 The 
classification of this type of tachycardia has been based 
on the pattern of the arrhythmia rather than its mech- 
anisms. Incessant or repetitive arrhythmias may origi- 
nate at any site in the heart and probably have widely 
differing mechanisms. Semantic problems of definition 
and description have added to the confusion. Recently 
the terms “incessant,” 9 “permanent” 19-1? and “per- 
sistent repetitive" 8? have been used to describe this 
pattern of arrhythmia. 

Earlier descriptions insisted that bursts of tachy- 
cardia should be separated by only a few sinus beats. 
However, this criterion is arbitrary and probably de- 
scribes only a subgroup of the “incessant” pattern, and 
the descriptive terms “permanent,” “incessant” or 
"persistent repetitive" are now applied to both con- 
tinuous and frequently occurring tachycardias. We have 
defined “incessant” as present for at least 90 percent of 
the monitored time. 

Mechanism of incessant tachycardias: Elucidation 
of the mechanism of some of these arrhythmias has been 
assisted by the use of intracardiac studies.9.9:19 Coumel 
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FIGURE 7. Case 3. Effect of cooling to — 10 ? C in the region of the accessory pathway during atrioventricular tachycardia. After cessation of the 
tachycardia ventricular pacing is associated with complete ventriculoatrial block. 


et al.!^!! demonstrated the reentrant nature of the 
permanent variety of intranodal tachycardia. This type 
of intranodal reentry may be initiated without atrial 
extrasystoles or delay in the anterograde limb, in con- 
trast to the more usual intermittent paroxysmal intra- 
nodal tachycardia. For example, sinus cycle shortening 
is sufficient to produce block in one pathway and ini- 
tiate reentry. Similar mechanisms have been demon- 
strated in overt Wolff-Parkinson-White syndrome with 
A-V reentrant tachycardia. When the sinus cycle length 
is exceeded by the anterograde refractory period of the 
accessory pathway, tachycardia may be initiated. 
However, if it is accepted that a concealed accessory 
pathway is unable to sustain anterograde conduction 
under any circumstances, the requirement of block in 
the accessory pathway is already satisfied and initiation 
of tachycardia is therefore determined by other fac- 
tors. 

In Case 1, spontaneous initiation of tachycardia on 
some occasions followed sinus cycle shortening with 
A-H prolongation of the initiating sinus beat. On other 
occasions there was no change in either the sinus cycle 
length or anterograde A-V conduction time. In this 
situation perhaps critically small and immeasurable 
increases in A-V-accessory pathway conduction time 
were sufficient to allow atrial recovery and reactivation. 
This would also apply to accessory pathway recovery if 
there is concealed anterograde conduction within this 
pathway. Alternatively, small decreases in atrial re- 
covery time may be responsible for the expression of 
V-A conduction and initiation of reentry.!° In Cases 2 
and 3 the major determinant of the frequency of attacks 
of tachycardia was the frequency of spontaneous ven- 
tricular premature beats that blocked in the normal 
pathway and conducted to the atria over the accessory 
pathway initiating tachycardia.!9 

Medical treatment: In none of our patients was the 
frequency of attacks reduced by antiarrhythmic drugs 
nor was there a deterioration during therapy. By causing 
a disturbance of conduction characteristics in the nor- 
mal and accessory pathways antiarrhythmic drugs can 
increase the propensity for tachycardia.9! " As demon- 
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strated in all of our cases, pacing techniques are inef- 
fective in controlling this variety of reentrant tachy- 
cardia because of frequent spontaneous reinitiation of 
tachycardia. 

Surgical treatment: Surgery for refractory cardiac 
arrhythmias is now an accepted alternative method of 
treatment.!? This technique utilizes the principle of 
electrographic mapping! for accurate identification of 
the origin and mechanism of the arrhythmia. Electro- 
graphic mapping has revealed specific activation pat- 
terns of the epicardium and endocardium in the pres- 
ence of accessory pathways.?? Eccentric activation of the 
atria or ventricles occurs as a result of conduction over 
the accessory pathway. This is exemplified by our Case 
3. A concealed accessory pathway results only in atrial 
preexcitation either during ventricular pacing or reen- 
trant tachycardia. When retrograde conduction occurs 
only over the accessory pathway, as in reentrant 
tachycardia, the atria are activated first in the region 
of the atrial insertion of the bypass tract.??:?! The im- 
pulse spreads to the right atrium, reaching the epicar- 
dial surface first in the region of the roof of the inter- 
atrial septum, suggesting that left to right atrial con- 
duction occurs by way of Bachmann’s bundle.?? Al- 
though relatively early activation of the inferolateral 
right atrium was also observed in two of our patients, 


this second area of breakthrough was recorded more 


than 25 msec later than the earliest point. This is in 
contrast to the pattern observed in intranodal tachy- 
cardias where two or three simultaneous areas of early 
right atrial epicardial activation are observed.?? Inter- 
atrial conduction through the low interatrial septum 
may be responsible for this second area of breakthrough. 
However, right atrial endocardial recordings during 
tachycardia, which may have demonstrated this effect, 
were not performed in our patients. 

Results of cryothermal ablation of accessory 
pathway: Surgical ablation of the His bundle or ac- 
cessory pathway has been demonstrated to be effective 
in abolishing A-V reentrant tachycardias.!9?? Recently, 
ablation of the His bundle,”4 accessory pathway?’ or 
ventricular ectopic foci?*: 27 has been achieved with 
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cryothermal techniques. Topical hypothermia is applied 
by a probe to the region of interest as identified with 
electrographic mapping. By adjusting the level of 
cooling to —10? C or —65? C one can obtain reversible 
or irreversible damage.!?:?4-?7 This technique produces 
well demarcated three dimensional lesioris that can be 
accurately located. No additional incisions are required 
and the cooling process is hemostatic. Of great impor- 
tance is the fact that the healing mechanism is unda- 
maged by temperatures of —65° C.?5 . 

During follow-up of the three patients for 3 to 7 
months there has been no recurrence of tachycardia, 
and no patient has any evidence of valve malfunction 
or other structural defect. The two patients with car- 
diomegaly have had a slight decrease in heart size since 
operation. Cardiomegaly in incessant “supraventricu- 
lar" tachycardia has been observed previously.!??9? The 
cause of cardiomegaly is unknown but it has been sug- 
gested that cardiomyopathy may occur as a result of 
prolonged periods of tachycardia over several years. 


Prognosis: The natural history of incessant atrio- 
ventricular tachycardia is not known, and is probably 
determined by the clinical setting in which the ar- 
rhythmia occurs. Parkinson and Papp‘ noted that as- 
sociated heart disease was uncommon, but this is in 
contrast to the observations of Levine and Smith." It has 
also been stated that these arrhythmias are more com- 
mon in young persons and that there is a tendency for 
the arrhythmias to subside with age.*?? However, this 
progression may be true only of certain types of tachy- 
cardias, such as the permanent intranodal form of 
tachycardia.!?:!! It is alsó possible, as noted previous- 
ly,”:!4 that the disorder may be initially manifested as 
intermittent paroxysmal tachycardia and, with in- 
creasing frequency and duration of attacks with time, 
tend towards incessant or persistently repetitive 
tachycardia. On the basis of the clinical history, this 
seems to be the case in our patients and may be deter- 
mined with age-dependent changes in the functional 
characteristics of the circuit. 
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In 78 consecutive patients with uniform ventricular ectopic complexes 
and without heart disease, ventricular couplets were present significantly 
more often when the coupling interval of ventricular ectopic complexes 
was variable than when it was fixed (P <0.04). In 69 consecutive patients 
with couplets, the prevalence of a variable coupling interval was signifi- 
cantly greater than that of fixed coupling (55 versus 14 cases; P — 0.001). 
Among 55 patients with a variable coupling interval, ventricular para- 
systole was probable in 38 and possible in 17 patients. These results 
suggest that the association between ventricular couplets and parasystole 
is not coincidental. Of several possible mechanisms responsible for this 
association reentry within the parasystolic focus or its vicinity is the most 
probable. This may explain the observation that the couplets are seldom 
followed by consecutive ventricular ectopic complexes or ventricular 
tachycardia. If this hypothesis is correct, the clinical significance of 
ventricular couplets in the presence of ventricular parasystole may be 
similar to that of single reentrant ventricular ectopic complexes. 


Several recent studies have shown that the clinical and prognostic sig- 
nificance of ventricular ectopic complexes depends on their frequency 
and “complexity.” 1-4 One category of complex ventricular arrhythmias 
characterized by appearance of two ventricular ectopic complexes in a 
row has been named couplets. In spite of the assignment of couplets into 
a category of complex arrhythmias, certain clinical observations suggest 
that their prognostic significance differs from that of other manifesta- 
tions of *complexity," such as a large number of ventricular ectopic 
complexes/hour, multiform morphology or ventricular tachycardia.?-9 

Kotler et al.? studied prospectively 160 male survivors of myocardial 
infarction. They reported 14 cardiac deaths during a 3 to 54 month fol- 
low-up period, and although “complex” ventricular ectopic complexes 
were present in the majority of victims, no deaths occurred in 30 patients 
who had couplets. Myburgh and Van Gelder? reported similar findings 
in 84 survivors of myocardial infarction followed up for 3 to 42 months. 
In their study, only one of the eight patients who died during this period 
had couplets that were associated with 50 ventricular ectopic com- 
plexes/hour from two different foci. Seven other patients with couplets 
survived. 

Although further tests may be needed to assess the clinical significance 
and the reproducibility of these findings, the reported observations have 
focused increased attention on the mechanism of couplets. Of particular 
interest to us was the observation of Kotler et al.? that couplets had oc- 
curred in 18 of 27 patients (67 percent) with ventricular parasystole. 
Because cardiac death did not occur in any of their patients with para- 
systole, they suggested that the apparent benignity of couplets might 
have reflected the benignity of ventricular parasystole. This observation 
prompted us to examine the association between couplets and ventricular 


September 1979 The American Journal of CARDIOLOGY Volume 44 435 


VENTRICULAR PARASYSTOLE AND VENTRICULAR COUPLET—KUO AND SURAWICZ 


parasystole in patients other than survivors of myo- 
cardial infarction. In this paper, we report our findings 
in two such patient groups, one consisting of a mixed 
group of hospitalized and ambulatory patients, and 
another of persons without heart disease. This part of 
our study demonstrates that couplets are more preva- 
lent in patients with variable coupling intervals, that is, 
proved or suspected parasystole, than in those with 
fixed coupling intervals. 


Methods 


Patients: Two separate groups of patients were studied 
prospectively during two different time periods. During each 
period, we examined every day all electrocardiograms pro- 
cessed by the Heart Station at the University of Kentucky 
Hospital and selected all records in which a 12 lead tracing 
supplemented by a 30 second rhythm strip (routinely recorded 
in all patients with arrhythmias) revealed five or more ven- 
tricular ectopic complexes with a uniform QRS configuration. 
In these patients, we recorded a 2 minute electrocardiographic 
strip in which we measured the coupling intervals and the 
interectopic intervals of all ventricular ectopic complexes with 
a uniform QRS configuration. 

We arbitrarily defined the coupling interval as fixed when 
it varied by less than 0.12 second, and as variable when it 
varied by 0.12 second or more. We defined as probable para- 
systole ventricular ectopic complexes with a variable coupling 
interval, a persistent common denominator of interectopic 
intervals longer than 80 csec, and fusion complexes. We de- 
fined as possible parasystole ventricular ectopic complexes 
with those features but no fusion complexes. 

Group I: We examined all patients whose electrocardio- 
grams were selected for the study, reviewed their records and 
inspected their chest X-ray films. The first group consisted 
of patients in whom we found no evidence of heart disease and 
no electrocardiographic abnormalities other than ventricular 
ectopic complexes. The group consisted of 78 patients whose 


ages ranged from 3 to 80 years (average 49.8). None of these 


patients had clinical signs of heart disease, cardiomegaly, 
hypertension, electrolyte abnormalities or a history of treat- 
ment with cardiac drugs. 

Group II: The second group represented all patients whose 
electrocardiograms during the study period revealed one or 
more ventricular couplets of uniform QRS configuration. The 


TABLE | 


Clinical Characteristics of 69 Patients With Two Ventricular 
Ectopic Beats in a Row (Group Il) 


Variable 
Coupling 
Fixed (with Total 
Clinical Cou- fusion (on 
Diagnosis pling beat) digitalis) 
No heart disease 5 18 (12) 23 (0) 
Coronary heart 5 14 (9) 19 (12) 
disease 
Hypertension 2 11 (8) 13 (7) 
Primary myocardial 2 3 (3) 5 (3) 
disease 
Rheumatic heart 0 2 (1) 2 (2) 
disease 
Thyrotoxicosis 0 1 (0) 1(1) 
Other heart disease 0 6 (5) 6 (2) 
Total 14 55 (38) 69 (27) 


group included 69 patients, of whom 43 were men and 26 
women. Table I shows the pertinent clinical data in this group. 
Evidence of heart disease was present in 46 patients who had 
the following diagnoses: coronary artery disease (19 patients), 
hypertension (13 patients), primary myocardial disease (5 
patients), rheumatic heart disease (2 patients), pulmonary 
stenosis (1 patient), acromegalic heart disease (1 patient), 
mitral valve prolapse (2 patients), prosthetic aortic valve re- 
placement (1 patient), thyrotoxic heart disease (1 patient) and 
traumatic pericarditis (1 patient). Twenty-seven of the 46 
patients with heart disease were treated with digitalis. In 23 
patients we found no evidence of heart disease. The chi square 
test was used to analyze the results statistically. 


Results 


Group I (uniform ventricular ectopic complexes 
without heart disease): The coupling intervals were 
fixed in 47 patients and variable in 31 patients. None 
of the patients with a fixed coupling interval had cou- 
plets or three ventricular ectopic complexes in a row, but 
five patients with a variable coupling interval had 
couplets, and one had both couplets and three ventric- 
ular ectopic complexes in a row. None of the patients 
had more than three ventricular ectopic complexes in 
a row. The R-R intervals between two and three ven- 
tricular ectopic complexes in a row ranged from 40 to 
60 csec (average 48 csec), corresponding to a rate of 100 
to 150/min (average 125/min). Assuming no association, 
the probability that the observed association between 
couplets and variable coupling intervals is coincidental 
is less than 0.04. 

Group II (ventricular ectopic complexes with 
couplets): A fixed coupling interval was present in 14 
patients (20 percent) and a variable coupling interval 
in 55 patients (80 percent). Applying null hypothesis, 
the probability of finding a variable coupling interval 
in 55 of 69 patients is significantly greater (P «0.001) 
than the probability of 0.5. None of the 69 patients had 
three ventricular ectopic complexes in a row but one of 
the 55 patients with a variable coupling interval had 
four ventricular ectopic complexes in a row. The R-R 
intervals between two ventricular ectopic complexes in 
a row ranged from 26 to 92 csec: they were 60 csec or less 
in 14 of 14 patients with a fixed coupling interval and 
in 47 of 55 patients with a variable coupling interval 
(Table II). Of 55 patients with a variable coupling in- 


TABLE Il 


Distribution of R-R Intervals Between Two Ventricular 
Ectopic Beats in a Row (patients in Group II) 


Patients (no.) 


R-R Interval Between 2 With With With 
Ectopic Beats in a Row Fixed Probable Possible 
(csec) Coupling Parasystole — Parasystole 
<40 8 7 15 
>40 — <60 6 6 19 
>60 — <70 0 3 2 
>70 — <80 0 0 0 
280 — <90 0 1 1 
>90 0 0 1 
Total 14 17 38 
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terval, 38 patients had probable parasystole (Fig. 1) and 
17 had possible parasystole. The common denominator 
of the interectopic intervals in patients with probable 
and possible parasystole ranged from 88 to 187 csec. _ 


Discussion 
Ventricular Couplets and Ventricular Parasystole 


In two groups of consecutive prospectively studied 
patients, selected in two different ways, ventricular 
couplets were more prevalent in patients with a variable 
than in those with a fixed coupling interval. Variable 
coupling intervals of ventricular ectopic complexes is 
not synonymous with ventricular parasystole because 
the coupling interval may vary in arrhythmias assumed 
to be due to reentry.’ However, ventricular parasystole 
can be postulated in the presence of a variable coupling 
interval, a measurable common denominator of in- 
terectopic intervals and fusion complexes between the 
dominant and the parasystolic impulses. The demon- 
stration of these three features may require either a long 
continuous record or several repeated records, partic- 
ularly in cases in which the propagation of parasystolic 
discharges is inhibited by long duration of ventricular 
refractoriness or by exit block. 

Because of the relative paucity of long records the 
prevalence of ventricular parasystole in patients with 
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or without heart disease has not been conclusively es- 
tablished.® 

One of us? previously found that a variable coupling 
interval in a mixed group of patients was slightly more 
prevalent than a fixed coupling interval, and that ven- 
tricular parasystole was present in 32 of 48 patients with 
a variable coupling interval. However, with use of even 
the strictest criteria, the diagnosis of parasystole can be 
assumed but not proved. Therefore, we have chosen to 
categorize the arrhythmias in our' patients with a vari- 
able coupling interval as either probable or possible 
parasystole. In these patients couplets occurred more 
frequently than in patients with a fixed coupling in- 
terval. This finding suggests that the association be- 
tween couplets and ventricular parasystole reported by 
Kotler et al? is not peculiar to the survivors of myo- 
cardial infarction. Less than one third of our patients 
had coronary heart disease, about one third had no 
clinical evidence of heart disease and the remaining 
patients had noncoronary heart disease. 


Possible Mechanisms of Association Between 
Couplets and Ventricular Parasystole 


Ventricular parasystole is believed to represent an 
automatic ectopic rhythm whereas ventricular ectopic 
complexes with fixed coupling to the preceding com- 
plexes are attributed to reentry.!° We shall consider 
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FIGURE 1. Electrocardiographic itin from a 50 year old man with no clinical evidence of heart disease. The V strips (left panel) are continuous 
with the last beat of each strip (solid circle) repeated at the beginning of the following strip. The V3 and V; strips (right panel) are noncontinuous. 
The sinus rate is 102/min and regular. Variable coupling intervals, fusion complexes and the least common denominator of about 120 csec indicate 


ventricular parasystole. A — atrium and atrioventricular s junction, F= 
V = ventricle. See Appendix for discussion. 
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three hypothetical mechanisms that could explain 
coexistence of ventricular parasystole and ventricular 
ectopic complex of similar configuration closely coupled 
to the parasystolic complex: (1) both components of a 
couplet are automatic complexes; (2) both components 
of a couplet are reentrant complexes; and (3) the first 
component of the couplet is automatic and the second 
is reentrant. 

1. Both components of a couplet are automatic 
complexes: The finding of a common denominator of 
the interectopic intervals does not assure that this in- 
terval measures precisely the rate of firing of the par- 
asystolic focus, because the parasystolic impulses fre- 
quently fail to occur even when the ventricular myo- 
cardium is no longer refractory.!!-! Such failure is 
usually attributed to an exit block, but the type and the 
degree of such exit block are not apparent from the 
surface electrocardiogram. Parasystolic tachycardia 
with exit block has been postulated in several clinical 
examples!?-!6 and was produced experimentally in 
dogs.” 

If we assume a rapid inherent rate of parasystolic 
focus and a high degree of exit block, then ventricular 
couplets can be explained by a transient disappearance 
of such exit block. Indeed, such mechanisms can explain 
not only couplets but triplets and runs of ventricular 
tachycardia in all cases of parasystole. Figure 1 shows 
an electrocardiogram with three couplets in which the 
interval between the first and second ventricular ectopic 
complexes is 46, 48 and 52 csec, respectively. The mul- 
tiples of intervals within this range can be readily fitted 
to equal the long interectopic intervals as shown at the 
top of each electrocardiographic strip in Figure 1 (see 
Appendix). Table II shows that if the couplets were 
caused by two consecutive complexes from an automatic 
focus, the postulated rate of parasystolic pacemaker 
would be higher than 100/min in the majority of 


cases. 
There are other possible mechanisms in which an 


ectopic ventricular impulse with a fixed coupling in- 
terval may not be caused by reentry.'*!9 Recent ex- 
periments of Jalife and Moe!? showed that electrotonic 
effects elicited by the dominant, for example, sinus or 
supraventricular, impulses may influence the parasys- 
tolic focus, and induce temporary fixed coupling of the 
parasystolic complex to the dominant complex. 

We cannot rule out the possibility that a similar 
mechanism facilitates the appearance of a closely 
coupled second parasystolic complex that produces the 
ventricular couplet. However, we found no consistent 
relation between the appearance of couplets and the 
preceding R-R interval of the sinus complexes in any of 
our cases, and no other clues that would explain the 
apparent sporadic effectiveness of the electrotonus in 
modulating the rate of the parasystolic focus. 

Finally, we must also consider the recently discov- 
ered mechanism of after depolarizations produced by 
toxic doses of digitalis glycoside (references in Ref. 20). 
Such a mechanism can be postulated in retrospect in the 
cases described in 1930 by Rachmilewitz and Scherf,?! 
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who observed ventricular escape complexes followed by 
an extrasystole with fixed coupling interval and the 
same QRS configuration in patients with atrial fibril- 
lation treated with digitalis. We cannot rule out the 
possibility that such a mechanism was operating in some 
of our patients treated with digitalis, but it cannot ex- 
plain the couplets in patients not receiving digitalis. 
Furthermore, the role of digitalis toxicity in the pro- 
duction of ventricular parasystole is still uncertain.?? 

2. Both components of a couplet are reentrant 
complexes: In our present state of knowledge we cannot 
dismiss the unlikely possibility that all ventricular ec- 
topic complexes may be due exclusively to some type of 
reentry. The concept of “protection” caused by per- 
manent or intermittent entrance block can be applied 
usefully to certain types of reentrant ventricular 
tachycardia.??-?» Similarly, experimental studies”® in 
partly depolarized canine Purkinje fibers have created 
a model simulating ventricular parasystole in the setting 
of a circus movement dependent on very slow conduc- 
tion. 

Although it is theoretically possible that ventricular 
parasystole is due to reentrant arrhythmia and not to 
automatic activity of a “protected” ventricular ectopic 
pacemaker, such a theory would contradict a substantial 
portion of electrocardiographic and clinical observations 
in patients with this arrhythmia. The application of the 
concept of reentry to explain the mechanism of ven- 
tricular parasystole would not help us to explain the 
association between the variable coupling interval and 
the couplets. 

3. The first component of the couplet is automatic 
and the second is reentrant: Automatic impulses due 
to spontaneous phase 4 depolarization in fibers with 
normal or reduced maximal diastolic membrane po- 
tential may be expected to propagate slowly and create 
conditions facilitating reentry within or in the vicinity 
of such a focus. 'This would explain the link between 
reentry and parasystole suggested by Langendorf and 
Pick?’ in patients manifesting fixed coupling of ven- 
tricular ectopic complexes in the presence of intermit- 
tent ventricular parasystole. Singer et al.2° analyzing in 
detail a record of a patient whose parasystole was as- 
sociated with premature ventricular complexes with 
fixed coupling, postulated manifest or concealed reentry 
within or in the immediate vicinity of the parasystolic 
focus. Subsequently, Ogawa et al.?? reported a case of 
a double ventricular parasystole associated with fixed 
coupling and also suggested the mechanism of reentry 
within one of the parasystolic foci initiated by a sinus 
impulse or by an impulse from another parasystolic 
focus. More recently, Kinoshita???! attributed coexis- 
tence of intermittent ventricular parasystole and 
reentrant ventricular ectopic complexes from the par- 
asystolic focus to concealed and manifest reentry ini- 
tiated by the sinus impulses propagating through the 
region of the parasystolic focus. In the examples of 
Ogawa et al.?? and Kinoshita???! the parasystolic focus 
is assumed to be located within the reentrant path of 
ventricular extrasystole,? and the sinus impulse 
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propagating into this area is assumed to reexcite the 
ventricles through the same pathways as the parasys- 
tolic focus. 

To postulate reentry without an intervening sinus 
or an ectopic impulse from a distant site as in the case 
of Singer et al.,?? we must assume a different mecha- 
nism, which is shown in the ladder diagram at the bot- 
tom of each strip in Figure 1. In this type of reentry, the 
parasystolic focus is surrounded by myocardium ex- 
hibiting considerable nonhomogeneity of conduction 
or refractoriness, or both. Some pathways allow rapid 
conduction toward normal myocardium, some are 
blocked in one direction and others conduct the impulse 
very slowly toward the site of unidirectional block lo- 
cated near the parasystolic focus. Reexcitation of the 
ventricle is attributed to late reentry of an impulse 
spreading slowly through the presumable zone of 
“protection” surrounding the parasystolic focus. Such 
a mechanism simulates the effect of repeated firing of 
the automatic paraysystolic pacemaker and explains the 
resetting of the parasystolic focus after the manifest or 
concealed reentry.?? The ladder diagram in Figure 1 
shows that reentry within a parasystolic (automatic) 
focus (or in its vicinity) and resetting of the parasystolic 
focus may explain the coexistence of ventricular couplet 
and ventricular parasystole in the same tracing in which 
we had attempted to explain this phenomenon by a 
mechanism of parasystolic tachycardia with an exit 
block (see Appendix). 

Figure 2 shows a record that lends strong support to 
the concept of reentry in or near the parasystolic focus. 
This electrocardiogram is from a patient with a failing 
permanent ventricular pacemaker that captures the 
ventricle only during the supernormal phase of the es- 
cape  aplexes. Several paced complexes (second 
complex in leads aVL, aVF and V3) are followed by a 
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spontaneous complex (third complex in the same lead) 
with a similar or identical QRS configuration. The latter 
indicates that both complexes originate from the same 
focus and suggests a reentry into (or in the vicinity of) 
the site of pacing. In another study, we reported that 
this phenomenon suggestive of reentry at or near the 
site of pacing is not uncommon in patients with a per- 
manent ventricular pacemaker.?? Figure 2 also shows 
an example of three ventricular complexes in a row in 
lead aVL. It can be seen that both the first and the third 
complex of this triplet are due to a *parasystolic" ac- 
tivity of the pacemaker firing first during the super- 
normal phase of an escape pacemaker, and then during 
the supernormal phase of a ventricular ectopic complex 
attributed to reentry. 


Prognostic Significance of Ventricular Couplets in 
Patients With Ventricular Parasystole 


Although we have not followed up all of our patients 
to determine the long-term prognosis of couplets, the 
following observations suggest to us that the ventricular 
couplet in the presence of ventricular parasystole is a 
“benign” arrhythmia: (1) in the two groups comprising 
a total of 75 patients with ventricular couplets, an ad- 
ditional ventricular ectopic complex after the couplet 
occurred in only two patients—one with a single com- 
plex and one with two complexes—and no patient had 
sustained ventricular tachycardia. (2) All patients 
without heart disease were asymptomatic. (3) No pa- 
tient reported symptoms of tachyarrhythmia. 

Role of postulated mechanisms in the benign 
prognosis: It appears pertinent to inquire which of the 
mechanisms postulated is more compatible with the 
apparent lack of propensity to ventricular tachycardia 
in patients with this type of arrhythmia. The hypothesis 
that the parasystolic focus is discharging at a rapid rate 
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FIGURE 2. Electrocardiogram from a 76 year old woman with a failing ventricular pacemaker. The pacemaker signals are indicated by solid circles. 
The basic rhythm is sinus with complete atrioventricular block and slow ventricular escape. The second complexes in leads aVR, aVL, V4 and Ve 
are paced complexes during the supernormal phase of the preceding ventricular escape complex. In leads aVL, aVF and V3, the paced complex 
is followed by a closely coupled ventricular ectopic complex, whose configuration resembles that of the preceding paced complex, suggesting 
a common origín of both complexes. In lead aVL, there are three consecutive complexes with a similar configuration. This triplet consists of a paced 
complex during the supernormal phase of a preceding escape complex, followed by a closely coupled spontaneous complex and a paced complex 
during the supernormal phase of the preceding spontaneous complex. See text for further discussion. 
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and that the slow manifest rate of parasystole is caused 
by exit block of high degree!^-!6 is attractive because the 
rapid rate of firing can explain the “protection” and the 
entrance block.!*-!° However, the assumption of such 
a mechanism is difficult to reconcile with the rare oc- 
currence of manifest parasystolic tachycardia, and with 
the absence of substantial variations in the manifest rate 
of parasystolic discharges in most cases. 

The hypothesis of reentry within the parasystolic 
focus would explain the rare occurrence of additional 
ventricular ectopic complexes after a couplet by analogy 
to other single reentrant ventricular ectopic complexes. 
In general, single reentry in the ventricles is common 
and repetitive reentry is rare. This concept should apply 
to both the sinus or nonparasystolic ectopic complexes 
and to the ventricular parasystolic complexes. The hy- 
pothesis of reentry within the parasystolic focus would 
explain the possible similarity between the clinical 
significance of a couplet and that of a single reentrant 
ventricular ectopic complex, and the benign nature of 
ventricular couplets reported by Kotler et al. and 
Myburgh and Van Gelder.9 


APPENDIX 


Two possible mechanisms of couplets in Figure 1 are shown 
in the ladder diagrams, one demonstrated at the top and the 
other at the bottom of each strip. At the top of each strip 
(except V5), the consecutive interectopic intervals are multi- 
ples of 42 to 49 csec, which are similar to the R-R intervals of 
the couplet. This interpretation proposes the mechanism of 
parasystolic tachycardia with high degree exit block and 
couplets due to an occasional disappearance of this block. In 
the V» strip, the interectopic interval between the first and 


the second ventricular ectopic complex is 52 csec and between 
the second and third ventricular ectopic complex is 114 csec, 
which is longer than two but shorter than three R-R intervals 
of the couplet in V; and V». The ladder diagram above the V» 
strip proposes that the parasystolic focus is firing at a rate 
corresponding to a cycle length of 50 csec, and that the longer 
than expected interectopic interval is the result of the delay 
in exit of the parasystolic impulse because of its close prox- 
imity to the preceding sinus beat. 

'The other proposed mechanism is illustrated in the ladder 
diagram below each strip. In the V» strip the consecutive in- 
terectopic intervals of four ventricular ectopic complexes are 
52, 114 and 238 csec, respectively. Assuming that the interval 
between the third and the fourth ventricular ectopic complex 
represents two parasystolic cycles in the presence of 2:1 exit 
block, the parasystolic cycle length is 119 csec. The 114 csec 
interectopic interval between the second and the third ven- 
tricular ectopic complex is slightly shorter than the presumed 
parasystolic cycle. This shorter cycle can be explained by a 5 
csec delay in the exit of the parasystolic impulse producing 
a second ventricular ectopic complex. If the first ventricular 
ectopic complex appears without delay in the exit path of the 
parasystolic impulse, the first and the second ventricular ec- 
topic complexes will represent repeated discharges of the 
parasystolic focus at an R-R interval of 48 csec, which is sim- 
ilar to the R-R intervals of the couplets in V4 and V3 strips. 

The ladder diagram below the V; and V3 strips shows that 
the long interectopic intervals are multiples of 115 to 124 csec 
intervals, which are sometimes prolonged by an interval equal 
to one or two R-R intervals of the couplet. In this diagram, 
parasystolic discharge occurs at a rate of 48 to 52/min. Ven- 
tricular couplets are attributed to reentry into (or in the vi- 
cinity of) the parasystolic focus and the prolongation of the 
interectopic interval by 46 or 92 csec to a concealed reentry. 
In this diagram, we assume that the pathway of reentry is lo- 
cated within the “protection” zone (P). 
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Left atrial electrograms were recorded simultaneously from sites located 
in the coronary sinus, right pulmonary artery and esophagus in order to 
determine and correlate the interatrial conduction times obtained from 
these locations. Ten patients with normal-sized atria and 16 patients with 
isolated left atrial enlargement were studied. A high correlation existed 
between the P wave duration and the interatrial conduction times obtained 
from the coronary sinus and pulmonary artery; good correlations were 
also found for the interatrial conduction times in the esophageal record- 
ings. Interatrial conduction times recorded from the pulmonary artery and 
esophagus correlated well with those recorded from the distal coronary 
sinus (the generally accepted standard for the indirect interatrial con- 
duction time measurements). In addition to providing information on the 
mechanisms of atrial arrhythmias, the electrograms obtained from the 
various indirect left atrial recording sites provide satisfactory quantification 
of interatrial conduction. 


In the absence of a patent foramen ovale, an atrial septal defect or 
transseptal catheterization, the determination of interatrial conduction 
times in human beings is dependent on indirect (extraatrial) measure- 
ments. The most widely used and accepted indirect measurement is the 
conduction time interval from the high right atrium to the distal coronary 
sinus (posterior-posterolateral left atrium).!-*^ The placement of a re- 
cording catheter in the right pulmonary artery provides a more proximal 
left atrial recording site (anterosuperior left atrium—adjacent to 
Bachmann's bundle) for the determination of the interatrial conduction 
time.!-2.°.6, An indirect measurement of interatrial activation time can 
also be obtained from esophageal recordings (posterior-posteromedial 
left atrium).7-!? Although atrial electrograms can be recorded from major 
bronchi,!! patient discomfort, potential morbidity and the availability 
of other methods preclude the widespread utilization of this tech- 
nique. 

'This study was designed to determine the correlation between the 
various interatrial conduction time measurements obtained from dif- 
ferent extraatrial recording sites in human beings. Because catheter 
location can be altered by left atrial enlargement, measurements were 
made in patients with normal-sized atria and in patients with left atrial 
enlargement. 


Methods 


Patients: The twenty-six patients who were studied were classified into two 
groups: Group I, 10 patients with normal-sized atria and Group II, 16 patients 
with left atrial enlargment. Left atrial size was determined with M mode echo- 
cardiography performed within 24 hours of the electrophysiologic study; mea- 
surements exceeding 40 mm defined enlargement. The mean left atrial size was 
29 mm for patients in Group I and 51 mm for patients in Group II. 

The clinical diagnoses for patients in Group I were Wolff-Parkinson-White 
preexcitation (two patients), atherosclerotic coronary artery disease (two pa- 
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tients), mitral valve prolapse (one patient) and no cardiac 
disease (five patients). Eleven patients in Group II had ath- 
erosclerotic coronary artery disease, one had hypertensive 
heart disease, one had mitral valve prolapse and regurgitation 
and three had undetermined forms of cardiac disease. 

Procedure: Written informed consent was obtained from 
each patient before the procedure. The study was performed 
in a postabsorptive state. Premedication was not adminis- 
tered. The bipolar catheters (interelectrode distance of 10 
mm) were guided into position with fluoroscopy. Simulta- 
neous recordings were taken from catheters placed in the high 
right atrium, distal coronary sinus (distalmost part of the 
coronary sinus that still provided an atrial deflection), prox- 
imal coronary sinus (at the left lateral border of the vertebral 
body silhouette), proximal right pulmonary artery corre- 
sponding to the point C recording of Ogawa et al., esophagus 
at the high atrial level (horizontal to the junction of the high 
right atrium and superior vena cava), esophagus at the mid 
atrial level (horizontal to the mid right atrial silhouette) and 
low right atrium (from the six pole bundle of His recording 
catheter). Catheter position was checked fluroscopically be- 
fore and after recording. Signals were amplified at 30 to 500 
hertz and recorded at a paper speed of 100 mm/sec with an 
Electronics for Medicine VR-12 multichannel oscilloscopic 
recorder. Scalar electrocardiographic leads I, aVF and V, were 
recorded simultaneously with the atrial electrograms. 

Measurements: The interatrial conduction times were 
measured from the onset of right atrial activation (from the 
high right atrial electrogram or onset of the P wave, whichever 
occurred earliest) to the first high frequency deflection of the 
left atrial electrogram obtained from the distal coronary sinus 
(DCS), proximal coronary sinus (PCS), proximal right pul- 
monary artery (RPA), esophagus at the high atrial level (HEE) 
and esophagus at the mid atrial level (MEE). High right atrial 
(HRA) to low right atrial (LRA) conduction intervals and P 
wave durations were also measured. Each conduction interval 
for each patient represented a mean of 10 measurements. 

The linear regression formula was applied to determine the 
correlation between all of the interatrial conduction intervals 
and the P wave duration, which represents an integration of 
atrial conduction. Because the high right atrium to distal 
coronary sinus conduction interval (HRA-DCS) is generally 
accepted as the standard of the indirect interatrial conduction 
time measurements, the remaining intervals were also corre- 
lated with this interval. Because this study was performed 
primarily to determine the correlation between the mea- 
surement techniques of interatrial conduction time, the groups 
were not further separated into subgroups with normal and 
prolonged interatrial conduction time; both Groups I and II 
contained patients with normal and prolonged atrial con- 
duction intervals. 


Results 


Mean interatrial conduction intervals obtained 
from the various extraatrial sites and P wave du- 
rations in Groups I and II (Fig. 1): Because each 
group consisted of patients with normal and prolonged 

atrial activation times, there was considerable overlap 
of data points for each interval between the groups. In 
general, the mean interatrial conduction time intervals 
in Group II tended to be longer than the corresponding 
intervals in Group I. 

Relation between the various indirect interatrial 
conduction time measurements and P wave dura- 
tion (Fig. 2): The best correlation with P wave duration 
occurred with the conduction times obtained from the 
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FIGURE 1. Mean interatrial conduction time intervals obtained from 26 
patients. Mean P wave duration and right intraatrial conduction time 
(HRA-LRA) are also represented. Although all of the mean atrial con- 
duction time intervals tended to be longer for patients with left atrial 
enlargement (Group ll), only the mean high right atrium-distal coronary 
sinus interval (HRA-DCS) was significantly different (P < 0.05) from 
the corresponding interval of Group I. DCS = distal coronary sinus; HEE 
= high atrial esophageal electrogram; HRA = high right atrium (intra- 
cardiac recording); LRA = low right atrium; MEE = mid atrial esophageal 
electrogram; PCS = proximal coronary sinus; RPA = right pulmonary 
artery. 


distal and proximal coronary sinus and the right pul- 
monary artery; the r values were 0.81, 0.82 and 0.79, 
respectively. The individual Group I and Group II r 
values for each of these interatrial conduction intervals 
were all more than 0.70. A good correlation also existed 
between the P wave durations and the interatrial con- 
duction intervals recorded from the esophagus at high 
(HEE) and mid (MEE) atrial levels with r values of 0.70 
(HEE) and 0.73 (MEE). With the exception of the 
HRA-HEE r value of 0.61 in Group II in both Groups 
I and II interatrial conduction intervals obtained from 
the two esophageal locations correlated with P wave 
duration at r values of more than 0.70. 

Relation between the interatrial conduction 
times recorded from the distal coronary sinus and 
the other interatrial conduction time measure- 
ments (Fig. 3): The best correlation occurred with 
measurements taken from the proximal coronary sinus 
and right pulmonary artery (r values greater than 0.80). 
Good correlations also existed for the measurements 
recorded from the esophageal sites (r values greater 
than 0.70). The breakdown of the various esophageal 
interatrial conduction intervals for Groups I and II re- 
sulted in r values that remained greater than 0.69. 


Discussion 


Because the P wave duration represents a time inte- 
gration of atrial activation and because good correla- 
tions exist between the P wave duration and the various 
interatrial conduction time measurements, these in- 
teratrial conduction times provide a valid representa- 
tion of the state of atrial activation. This is true even 
though these determinations were obtained from elec- 
trograms recorded outside the left atrium; that is, they 
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were obtained indirectly. Use of these measurements 
obviates the need to invade the left atrium directly to 
record an interatrial conduction time whether the left 
atrium is of normal size or enlarged. 

Indirect measurements of interatrial conduction 
time: Pulmonary arterial and esophageal recordings can 
provide interatrial activation times when the conduc- 
tion times cannot be obtained from the coronary sinus. 


The multiple left atrial recording sites can also supply 
information on activation sequence, types of arrhyth- 
mias present in different parts of the atria, and other 
data in various atrial arrhythmias.9:19.1? The ability to 
record very early left atrial activation (Bachmann's 
bundle region) with the pulmonary arterial catheter 
should allow an assessment of septal and left intraatrial 
conduction times. The right pulmonary artery-proximal 
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coronary sinus interval should approximate the septal 
activation time; the right pulmonary artery-distal cor- 
onary sinus interval, the left intraatrial conduction time 
to the posterolateral left atrium; the right pulmonary 
artery-esophagus at high right atrial level interval, the 
left intraatrial conduction time to the posterior high left 
atrium; the right pulmonary artery-esophagus at mid 
atrial interval, the left intraatrial conduction time to the 
posterior mid left atrium; and the right pulmonary ar- 
tery to the proximal left pulmonary artery interval, the 
left intraatrial activation time to the anterosuperior 
portion of the left atrium. 

Correlation with P wave duration: role of 
esophageal recordings: Although the best correlation 
with the P wave duration was found for the coronary 
sinus and pulmonary arterial recordings, a good corre- 
lation existed for the left atrial electrograms recorded 
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from the esophagus, particularly at the mid atrial level; 
this lends credence to the results of previous clinical 
studies that utilized esophageal electrograms to deter- 
mine interatrial conduction times.9:!? The esophageal 
recording technique also provides a method of obtaining 
left atrial electrograms from an extravascular site. If the 
onset of the P wave can be clearly delineated on a scalar 
electrocardiographic lead, an interatrial conduction 
time can be determined rapidly and “noninvasively” by 
the simple placement of a bipolar catheter in the 
esophagus. Normal interatrial conduction time values 
for esophageal recordings have been published.® Left 
atrial enlargement might be expected to disturb the 
validity of the measurements of interatrial activation 
times obtained from the esophagus more than those 
from other sites because the enlarged left atrium tends 
to displace the esophagus posteriorly and to the right 
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FIGURE 3. Correlation plots between the high right atrium to distal coronary sinus (HRA-DCS) conduction interval and the other indirect interatrial 
conduction time measurements. All r values indicated good correlations; except for the P value of <0.05 for the HRA-RPA interval in Group |, all 
of the corresponding P values were <0.01. Three data points of the HRA-HEE interval in Group Il and one point of the HRA-MEE interval in Group 
Il do not reside within the general point distribution of their respective groups and thus are less predictive of the status of atrial conduction in these 


patients. Abbreviations as in Figure 1. 
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or occasionally to the left. However, the correlation of 
the interatrial conduction times obtained from the 
esophageal recordings with the P wave durations and 
the high right atrial-distal coronary sinus interatrial 
activation times remained adequate in this setting. 
Clinical implications: Disorders of atrial conduction 
are responsible for interatrial block!*!5 (manifested as 
a prolonged P wave or dissimilar atrial rhythms) and for 
some instances of atrioventricular conduction delay and 
block.!6-!? Recently, atrial conduction disease has been 
shown to be a major etiologic factor in the development 
of atrial flutter and fibrillation.? It is apparent that in 
certain persons, the atrial conduction intervals become 


important electrophysiologic determinations. Because 
the correlation between the right intraatrial conduction 
times and the P wave durations is poor (even for nor- 
mal-sized atria), the addition of one or more interatrial 
conduction times is required to obtain an adequate as- 
sessment of the status of atrial conduction. The various 
indirect methods of recording left atrial activation ap- 
pear to provide valid quantification of interatrial con- 


duction. 


Acknowledgment 


We thank Maxwell Bacher for assistance in the preparation 
of this manuscript. 


References 


1. Puech P: L’activitié électrique auriculaire normale et pathologique, 
Vol. 1. Paris, Masson & Cie, 1956, p 1 

2. Latour H, Puech P: L’électrocardiographie endocavitaire, Vol 1. 
Paris, Masson & Cie, 1957 

3. Castellanos A Jr, Castillo CA, Myerberg RJ: Bipolar coronary sinus 
lead for left atrial and left ventricular recording. Am Heart J 81: 
832-836, 1971 

4. Josephson ME, Scharf DL, Kastor JA, Kitchen JG: Atrial endo- 
cardial activation in man. Am J Cardiol 39:972-981, 1977 

5. Amat-y-Leon F, Deewania P, Miller RH, Dhingra RC, Rosen KM: 
A new approach for indirect recording of anterior left atrial acti- 
vation in man. Am Heart J 93:408-410, 1977 

6. Ogawa S, Dreifus LS, Kitchen JG, Shenoy PN, Osmick MJ: 
Catheter recording of Bachmann's bundle activation from the right 
pulmonary artery: a new technique for atrial mapping and the study 
of supraventricular tachycardia. Am J Cardiol 41:1089- 1096, 
1978 

7. Barold SS: Filtered bipolar esophageal electrocardiography (an- 
notation). Am Heart J 83:431, 1972 

8. Leier CV, Meacham JA, Schaal SF: Prolonged atrial conduction: 
a major predisposing factor for the development of atrial flutter. 
Circulation 57:213-216, 1978 

9. Zipes DP, DeJoseph RL: Dissimilar atrial rhythms in man and dog. 
Am J Cardiol 32:618—628, 1973 

10. Wu D, Denes P, Amat-y-Leon F, Chhablani RC, Rosen KM: Lim- 

itations of the surface electrocardiogram in diagnosis of atrial ar- 


rhythmias. Am J Cardiol 36:91-97, 1975 

11. Makolkin VJ, Fenin VN, Bogdanova EA: Bronchial leads in the 
analysis of electrical events of the atria. Adv Cardiol (Karger, Basel) 
16:111-112, 1976 

12. Ogawa S, Dreifus LS, Osmick MJ: Longitudinal dissociation of 
Bachmann's bundle as a mechanism of paroxysmal supraven- 
tricular tachycardia. Am J Cardiol 40:915-922, 1977 

13. Schaal SF, Meacham MP, Meacham JA, Leier CV: Atrial con- 
duction disease in sinus node dysfunction states (abstr). Clin Res 
24:522A, 1976 

14. Josephson ME, Kastor JA, Morganroth J: Electrocardiographic 
left atrial enlargement. Am J Cardiol 39:967-97 1, 1977 

15. Leier CV, Schaal SF: Dissimilar atrial rhythms—a patient with 
interatrial block. Br Heart J 39:680-684, 1977 

16. Castellanos A, lyengar R, Agha AS, Castillo CA: Wenckebach 
phenomenon within the atria. Br Heart J 34:1121-1126, 1972 

17. Narula OS, Runge M, Samet P: Second degree Wenckebach type 
AV block due to block within the atrium. Br Heart J 34: 1127-1136, 
1972 

18. Waldo AL, Kaiser GA, Bowman FO, Malm JR: Etiology of pro- 
longation of the P-R interval in patients with an endocardial cushion 
defect. Circulation 38:19-26, 1973 

19. Holsinger JW, Wallace AG, Sealy WC: The identification and 
surgical significance of the atrial internodal conduction tracts. Ann 
Surg 167:447—452, 1968 


446 September 1979 The American Journal of CARDIOLOGY Volume 44 


Influence of Heart Rate on Left Ventricular 
Ejection Fraction in Human Beings 


DONALD R. RICCI, MD, FRCP(C), 
FACC* 

ARTHUR E. ORLICK, MD, FACC 

EDWIN L. ALDERMAN, MD, FACC 

NEIL B. INGELS, Jr., PhD . 

GEORGE T. DAUGHTERS, Il, MS 

EDWARD B. STINSON, MD, FACC 


Stanford and Palo Alto, California 


From the Division of Cardiology and Department 
of Cardiovascular Surgery, Stanford University 
Medical Center, Stanford, California, and Palo Alto 
Medical Research Foundation, Palo Alto, Cali- 
fornia. This study was supported by Grant 
HL17993 from the National Institutes of Health, 
Bethesda, Maryland. Dr. Ricci was supported by 
the Canadian Heart Foundation, Ottawa, Ontario, 
Canada. Dr. Stinson was supported in part by an 
Established Investigatorship of the American Heart 
Association, Dallas, Texas. Manuscript received 
January 29, 1979; revised manuscript received 
April 18, 1979, accepted April 25, 1979. 

* Present address and address for reprints: 
Division of Cardiology, University of British Co- 
lumbia, B206—700 West 10th Avenue Vancouver. 
British Columbia, Canada V5Z 1M9. 


The influence of heart rate on left ventricular ejection fraction was ex- 
amined in 10 recipients of a cardiac allograft and 7 patients who had had 
aortocoronary bypass surgery. Ventricular volumes and ejection fraction 
were measured using computer-assisted analysis of motion of surgically 
implanted mid wall myocardial markers recorded by cinefluoroscopy 
during atrial pacing at increments of about 15 beat/min from an average 
control rate of 83 beats/min to 154 beats/min. A gradual progressive 
decrease in ejection fraction occurred as heart rate increased within the 
physiologic range. For an increase in heart rate of 70 beats/min above 
the control rate, ejection fraction decreased 31 percent (P <0.001) and, 
in general, statistically significant reductions in ejection fraction occurred 
with increments in heart rate of 30 beats/min or greater. A proportionately 
greater linear reduction in end-diastolic volume than in end-systolic vol- 
ume accounted for the inverse relation between ejection fraction and heart 
rate. The direction and magnitude of the volume changes were similar 
in patients with aortocoronary bypass surgery and in the allograft recip- 
ients, and in the patients with bypass surgery before and after adminis- 
tration of propranolol, suggesting that neural mechanisms acting directly 
on the heart did not influence this inverse relation importantly. It is con- 
cluded that heart rate must be considered in interpreting serial studies 
of ventricular function based on ejection fraction, especially if heart rate 
varies more than 30 beats/min between studies. 


The cardiac ejection fraction has become a standard measure of ven- 
tricular performance under physiologic conditions such as rest and ex- 
ercise. Until recently, measurement of ventricular ejection fraction has 
required calculation of cardiac volumes from cineangiographic studies 
of the contrast filled ventricle,! necessitating a substantially invasive 
procedure. Echocardiography* and radionuclide angiography?^ provide 
alternative and noninvasive or atraumatic methods of determining 
ejection fraction and have allowed widespread use of this index in clinical 
cardiology for serial assessment of ventricular performance. 

Because interpretation of a measure of ventricular performance re- 
quires knowledge of the heart rate at which the data were collected, it 
is important to establish the effect of heart rate, as such, on that stan- 
dard. We have previously described the effects of tachycardia on the left 
ventricular contractile state in human beings,® taking into account the 
other determinants of ventricular performance,’ and in this report we 
describe the intrinsic effects of heart rate on left ventricular ejection 
fraction. 


Methods 


Patient profile: We studied 17 patients, aged 18 to 58 years, in a stable 
postoperative condition. Ten were cardiac allograft recipients studied 4 to 10 
weeks after cardiac replacement. There were no clinical signs of infection or other 
systemic disease, and normal results of an endomyocardial biopsy performed 
within 1 week of study and favorable clinical features of graft stability? confirmed 
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the absence of graft rejection at the time of study. Seven pa- 
tients were studied 6 to 10 days after saphenous vein aorto- 
coronary bypass sugery for coronary artery disease. Preop- 
erative ventriculography revealed slight anterior hypokinesia 
in two patients and normal left ventricular segmental wall 
motion in the remaining patients. No patient in either group 
was receiving cardioactive medications and none had received 
sedative or analgesic agents within 6 hours of the study. 
Clinical examination revealed no cardiac gallop sounds or 
pulmonary rales suggestive of overt left ventricular failure, 
but patients in both groups had a slight resting tachycardia 
(mean rate 80 beats/min) consistent with the state of cardiac 
denervation® and with heightened sympathoadrenal discharge 
characteristic of a postcardiopulmonary bypass state,’ re- 
spectively. 

Calculation of ejection fraction: We calculated ejection 
fraction from the formula, (end diastolic volume — end systolic 
volume)/end-diastolic volume. Cardiac volumes were mea- 
sured using a technique previously described.9:19.11 At oper- 


o----o Bypass patients 
60 »— Cardiac Recipients 





c 
.9 
o 
2 
uw 
e 
„Q 
LU] 
* 4 
uL 

0 

060 70 80 90 100 NO 120 130 140 150 160 
Heart Rate (beats/min) 
p< 0l 
P< 05 
l P= 08 l 
RE? e r aN 

60 

50 
5 
$5 40 
S 
u 
« .30 
2 
g 
ur .20 





C 
060 70 80 90 100 NO 120 130 140 150 160 


Heart Rate (beats/min) 


FIGURE 1. Top, ejection fraction versus heart rate during atrial pacing 
for all patients. The slopes are similar for patients after aortocoronary 
bypass surgery (dashed lines, open circles) and for cardiac allograft 
recipients (solid lines, closed circles). Bottom, mean (+ standard error 
of the mean) ejection fraction versus heart rate during atrial pacing for 
all patients at each increment of heart rate. The ejection fraction de- 
creases progressively as heart rate is augmented. The statistical sig- 
nificance of the change in ejection fraction between heart rates is in- 
dicated. 


ation, tiny tantalum coils were inserted as myocardial markers 
into the left ventricular mid wall in seven locations (at the 
apex, and at three equidistant points from apex to base along 
the anterolateral and inferior margins) to outline the left 
ventricular chamber in the 30° right anterior oblique projec- 
tion. Two silver-tantalum clips were placed in the aortic ad- 
ventitia to serve as reference points for the aortic valve. Left 
ventricular volume was measured throughout the cardiac cycle 
using computer-assisted analysis of the motion of myocardial 
markers displayed by cinefluoroscopy at 30 frames/sec and 
recorded on a video disc.® 

End-diastolic volume and end-systolic volume were taken 
as the largest and smallest ventricular volume, respectively, 
throughout the cardiac cycle. Left ventricular volumes were 
calculated using the single plane area-length method of San- 
dler and Dodge? after correction of the marker coordinates 
for magnification of the radiographic system.!? A regression 
equation has been generated!! to relate angiographically de- 
termined ventricular volume (V) to a simultaneously-mea- 
sured volume using the marker technique (Vm): V = 0.99 Vm 
— 29.4, r = 0.97. The intercept (29.4 ml) represents the average 
volume of myocardium within the bounds delineated by the 
markers and the endocardium. 

Experimental protocol: At the time of operation, each 
patient had two temporary electrodes sutured into the in- 
teratrial groove and exteriorized to the chest wall fer use in 
the postoperative period. Heart rate during the experiment 
was regulated by pacing the atrium by means of the exteri- 
orized electrodes at twice diastolic threshold (Bloom Asso- 
ciates Digital Pacemaker, Narberth, Pennsylvania) at a rate 
just higher than the intrinsic sinus rate and at approximately 
15 beats/min increments until Wenckebach atrioventricular 
block occurred. Each rate was maintained for 1 minute; then 
at least three cardiac cycles were recorded on the video disc 
with the patient holding his breath in midinspiration. In four 
of the patients who had had cardiac bypass surgery the pro- 
tocol was repeated after the administration of propranolol, 
0.1 mg/kg intravenously. No patient experienced angina or 
other untoward effects during rapid pacing. The values re- 
ported are the average of those recorded at each rate. Statis- 
tical analysis was made by analysis of variance. 

All patients gave informed consent for insertion of the 
tantalum coils and for the physiologic studies in accordance 
with the Stanford University Committee on Research in 
Human Subjects, and no complications occurred. 


Results 


Ejection fraction during increments in heart 
rate: Figure 1 illustrates the effect of heart rate on 
ejection fraction in all 17 patients. From an average 
control paced heart rate of 83 beats/min and an ejection 
fraction of 0.46 to the first increment (95 beats/min), a 
9 percent (not significant) reduction in ejection fraction 
to 0.42 occurred. At each successively faster rate, a 
progressive and significant decrease in ejection fraction 
occurred. At 109 beats/min, ejection fraction decreased 
to 0.40, 12 percent less (P <0.05) than the control value; 
at 125 beats/min, it was 0.38, 16 percent less (P <0.025) 
than the control value; at 138 beats/min, it was 0.37, 20 
percent less (P <0.005) than the control value; and at 
the average peak rate of 154 beats/min, it was 0.32, 31 
percent less (P <0.001) than the control value. Gener- 
ally, increments in heart rate of 30 beats/min or greater 
were required to produce a significant reduction in 
ejection fraction (Fig. 1, bottom). 
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Ventricular volumes during increments in heart 
rate: Figures 2 and 3 clarify the progressive decrease in 
ejection fraction by examining in all patients the rela- 
tion of the change in heart rate to the changes in end- 
diastolic volume (EDV) and end-systolic volume (ESV). 
A correlation coefficient of r = 0.77 (P <0.0005) was 
observed for a linear decrease in end-diastolic volume 
for a given increment in heart rate (HR): AEDV = —0.54 
AHR - 1.35. When we analyzed these results separately 
for the cardiac allograft recipients and for the patients 
who had had coronary bypass surgery, we obtained 
similar regression equations: AEDV = —0.48 AHR — 
2.76, r = 0.72 (P <0.0005) and AEDV = —0.61 AHR + 
0.13, r = 0.81 (P <0.0005), respectively. 

The change in end-systolic volume with an increment 
in heart rate was neither as large nor as predictable as 
the change in end-diastolic volume. (Fig. 3), and the 
slope of the regression equation was much less (—0.13 
versus —0.54). A separate analysis of the response in 
cardiac allograft recipients and in patients with bypass 
grafts yielded similar slopes: AESV = —0.16 AHR + 
0.23, r = 0.75 (P <0.005) and AESV = —0.10 AHR — 
0.83, r = 0.36 (P <0.05). 

Effect of propranolol: After beta adrenergic 
blockade with propranolol, which reduced the control 
value of ejection fraction from 0.38 to 0.35 (P <0.025) 
in four patients, the relation of end-diastolic volume to 
heart rate yielded a slope similar to that shown in Figure 
2: AEDV = —0.69 AHR + 6.0, r = 0.84 (P <0.025). Al- 
though the slope for the relation of the decrement in 
end-systolic volume with the increment in heart rate 
was similar after propranolol, AESV = —0.07 AHR = 
0.69, the correlation was poor (r = 0.32) and the relation 
was not statistically significant. 


Discussion 


Although the effect of tachycardia on ventricular 
volumes has been established,!!:!4-!8 the interrelation 
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FIGURE 2. Linear relation of change in end-diastolic volume (AEDV) 
versus change in heart rate (AHR) during atrial pacing. n — number of 
determinations; NS — not significant; p — probability. 
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of heart rate and ejection fraction has not been em- 
phasized. Limitations in determining serial and accurate 
measurements of chamber volume have made studies 
of this nature impractical to achieve in patients. Our 
analysis of the motion of mid wall myocardial markers 
throughout the cardiac cycle at several frequencies of 
cardiac stimulation makes use of a technique previously 
shown to provide valid measurements over a wide range 
of left ventricular volume.!! Glick et al.!? placed a single 
pair of epicardial radiopaque markers across the right 
or left ventricle to measure chamber dimension during 
increments of heart rate in a limited number of patients. 
Other such studies have been limited to dogs, using 
techniques of sonomicrometry,!* thermodilution!$ or 
cineangiography.!7-1? 

Ejection fraction and heart rate: Our results 
demonstrate that ejection fraction is inversely propor- 
tional to heart rate (Fig. 1) over a physiologic range 
during atrial pacing. For an increment in heart rate of 
71 beats/min, ejection fraction decreases 31 percent 
from the control value. Table I summarizes similar re- 
ported data concerning left ventricular ejection fraction. 
In all but two instances, an increase in heart rate pro- 
duced a decrease in ejection fraction. Also apparent in 
Table I is the paucity of data from studies in human 
beings or conscious animals, particularly with respect 
to atrial pacing, in which active atrial contribution to 
ventricular filling is preserved. 

Figure 1 (bottom panel) illustrates that in spite of a 
progressive decrease in ejection fraction with increasing 
heart rate, the rate must be increased by about 30 
beats/min or greater within the physiologic range to 
reduce ejection fraction significantly. This observation 
has practical importance in interpreting clinical studies 
using serial measurements of ejection fraction. 

The tachycardia of exercise affects ventricular dy- 
namics and ejection fraction depending on the presence 
and severity of coronary artery disease?? and activation 
of the sympathetic nervous system and release of cate- 
cholamines.?! Precise definition of the alteration in 
cardiac volumes during exercise remains controver- 
sial?!-24 and awaits further study in both normal 
subjects and in patients with ischemic heart disease. 
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FIGURE 3. Linear relation of change in end-systolic volume (AESV) 
versus Change in heart rate (AHR) during atrial pacing. n = number of 
determinations; p = probability; r = correlation coefficient. 


September 1979 The American Journal of CARDIOLOGY Volume 44 449 


HEART RATE AND EJECTION FRACTION—RICCI ET AL. 


Subject/Technique 
Conscious patients, 


paired epicardial 
radiopaque markers 


Anesthetized dog, 
biplane videometry 
Conscious dog, paired ultrasonic crystals 
Anesthetized dog, contrast cineangiography 
Anesthetized dog, thermodilution (mean of 12 observations) 


TABLE | 
Previously Reported Data on Effect of Heart Rate on Ejection Fraction 
Change in Change in 
Ejection Heart Rate Site of 
Reference (%)* (beats/min) Pacing 
15, Table | —18 T60 Ventricle 
—33 +59 
-15 +47 
co +50 
+18 +30 
18, Fig. 8, 9 — 17 +98 Atrium 
—40 +87 
+14 +62 
14, Fig. 4C' —17 +90 Atrium 
17, Fig. 7 19 TT Ventricle 
19, Table | -8 +24 Atrium 
16, Table IV — 19 +110 Atrium 


Anesthetized dog, thermodilution (mean of 10 observations) 


*The change in ejection fraction is expressed as percent of control value. Where necessary, ejection fraction is calculated as ejection fraction 


= 1 — end-systolic dimension/end-diastolic dimension. 


t Scale not given; arbitrary scale assigned to analog tracing of chamber dimension. 


Tachycardia, ejection fraction and ventricular 
volumes: Figures 2 and 3 illustrate the dynamic factors 
operative in the observed reduction in ejection fraction 
with tachycardia in our study. A greater decrement in 
end-diastolic volume than in end-systolic volume as 
heart rate is increased is consistent with previously re- 
ported data!°-!8 and demonstrates the dependence of 
ejection fraction on preload.!9?.25-28 

The progressive uniform decrease in end-diastolic 
volume with higher rates is predictable from an analysis 
of the left ventricular volume profile throughout the 
cardiac cycle. For the same subject, ventricular filling 
at several cardiac frequencies occurs on a common 
ventricular filling curve.!! As heart rate is increased, the 
shortened diastolic filling time results in systole being 
initiated at a point earlier on the ascending portion of 
the volume curve, and therefore at a smaller end-dia- 
stolic volume. 

Factors affecting response to tachycardia: The 
variable response of end-systolic volume to tachycardia 
is affected by interaction of at least two factors, con- 
tractility and the Starling phenomenon. The reduction 
in end-diastolic volume and the increased inotropic 
effect® associated with tachycardia affects stroke vol- 
ume, and thus end-systolic volume, in a directionally 
opposite manner. The relative predominance of these 
two factors therefore determines the ultimate change 
in end-systolic volume as pacing frequency is in- 
creased. 

Another factor possibly influencing our results is the 
impedance to ventricular ejection.?? Mean aortic pres- 
sure tends to increase with pacing induced tachycardia, 
and depresses ejection fraction.?? However, the reduc- 
tion of wall stress, concurrent with a smaller chamber 
volume, acts in an opposing manner and may facilitate 
an increase in ejection fraction. The net effects of each 
of these factors are not separable in our study and 
probably account for the poor correlation between 
end-systolic volume and heart rate. 
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Role of neural and adrenergic factors: The re- 
sponse of cardiac dynamics to rapid atrial pacing was 
similar in patients with aortocoronary bypass surgery 
and in cardiac allograft recipients, whose hearts have 
no extrinsic neural control. Also, the responses in the 
former patients were similar in the control state and 
after beta adrenergic blockade. Thus, neural reflexes 
acting directly on the heart probably do not play an 
important role in modulating the cardiac dynamic re- 
sponses to atrial pacing. The similar changes in cardiac 
volumes and ejection fraction after propranolol, when 
ventricular function was slightly depressed, indicate 
that the overall responses to changes in heart rate are 
probably independent of ventricular function at rest. 

None of our subjects had a completely normal heart. 
The early postoperative period in the patients with 
aortocoronary bypass was associated with enhanced 
sympathoadrenal activity as well as mild cardiac de- 
pression. The cardiac allograft recipients had had at 
least one episode of cardiac rejection, but none had 
histologic or functional evidence for rejection at the time 
of study. Left ventricular pressure-volume relations 
were not measured in these patients. However, both 
groups retain the capacity to demonstrate a significant 
increase in inotropy with tachycardia, and the magni- . 
tude of response is similar.9 

Clinical implications: In practical terms, the cardiac 
dynamic responses to pacing-induced tachycardia ob- 
served in our study indicate that caution should be ex- 
ercised in interpreting ejection fraction measured with 
invasive or noninvasive techniques in patients with 
coronary artery disease who may be subjected to pac- 
ing-induced ischemia in the course of diagnostic eval- 
uation. Moreover, our results indicate that if ejection 
fraction is to be used as a measure of ventricular per- 
formance at rest in serial studies, the relative heart rate 
and, optimally, end-diastolic volume during each study 
must be considered before one can interpret the effects 
of pharmacologic, surgical or other interventions. 
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Although collateral vessels are commonly seen in patients with coronary 
disease, their functional significance has been debated. In this study 
segmental analysis of thallium-20 1 perfusion scintigrams obtained at rest 
and after exercise was made in 124 patients with angiographically proved 
coronary artery disease to determine whether collateral vessels could 
provide protection from myocardial ischemia during stress. All 15 coronary 
arteries that were completely occluded and had no collateral vessels 
showed a corresponding stress perfusion abnormality, but only 65 of 92 
occluded arteries with angiographically visualized collateral vessels 
showed a corresponding stress defect (P «0.05). In 13 hearts with 
stenosed arteries (more than 50 percent narrowing) without collateral 
vessels, the scintigraphic region supplied by the most severely stenosed 
vessel always became abnormal. When collateral vessels were present 
only 19 of 29 such regions showed a stress-induced perfusion defect (P 
<0.05). The 10 protected scintigraphic areas were supplied in eight cases 
by collateral vessels originating from nondiseased arteries (nonjeopar- 
dized) and in two cases by collateral vessels that originated distal to a 
significant arterial stenosis (jeopardized). Fourteen of the 19 arteries that 
failed to show protection were supplied by jeopardized collateral vessels. 
The results (1) demonstrate that nonjeopardized coronary collateral 
vessels may account for a normal-appearing thallium-201 scintigram in 
segments supplied by severely narrowed coronary arteries, and (2) 
suggest that coronary collateral vessels can provide at least relative 
protection from stress-induced ischemia. 


Myocardial imaging after the intravenous injection of thallium-201 
provides a useful clinical method for detection of prior myocardial in- 
farction and stress-induced regional myocardial ischemia.!-? Thal- 
lium-201 scintigraphy enhances the diagnostic sensitivity and specificity 
of rest and stress electrocardiography for identifying patients with 
coronary artery disease.?-? However, in patients with two or three vessel 
disease, exercise myocardial imaging often fails to detect all the coronary 
arterial lesions.? Because the initial distribution of thallium-201 depends 
on the relative myocardial blood flow at the time of the injection, this 
failure may occur because ischemia develops in only one of several po- 
tentially ischemic zones. In some patients, flow through coronary col- 
lateral vessels could provide an explanation for relative protection from 
ischemia and preservation of a normal scintigraphic appearance down- 
stream from significant coronary arterial narrowings. 

In this study we analyzed the location of perfusion abnormalities in 
a group of patients with abnormal exercise myocardial scintigrams and 
angiographically defined coronary artery disease. We examined the 
hypothesis that the presence of coronary collateral vessels could accoun 
for preservation of a normal scintigraphic pattern in areas perfused b 
narrowed coronary arteries and that these vessels could therefore be 
factor in the limited ability of thallium-201 scintigraphy to identify in 
dividual coronary arterial lesions. 
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Methods 


Patients; One hundred twenty-four patients with docu- 
mented coronary artery disease who underwent rest and stress 
thallium-201 myocardial perfusion imaging form the basis of 
this report. Seventeen patients had a normal stress thal- 
lium-201 scintigram. One hundred seven had an abnormal 
stress scintigram and were analyzed in two subsets. Subset A 
consisted of 86 patients (mean age 50.8, 90 percent men) who 
had at least one completely obstructed coronary artery (total 
number of obstructed arteries = 107), with or without col- 
lateral filling of the distal coronary segment. Subset B con- 
sisted of 27 patients (mean age 52.5, 85 percent men) with 
multivessel disease (two or three arteries narrowed by 50 
percent or more) and variable patterns of collateral filling of 
the coronary segments distal to the narrowings. All had new 
exercise-induced thallium-201 defects. Fourteen of these 
patients (8 with double and 6 with triple vessel disease) had 
a normal thallium-201 scintigram at rest and an abnormal 
scintigram after exercise. The other 13 patients had triple 
vessel disease, a thallium-201 abnormality at rest confined to 
a single region and further scintigraphic abnormalities with 
exercise. Nineteen of these patients also had a completely 
obstructed coronary artery and belonged to both subsets. The 
16 remaining patients with scintigraphic defects at stress had 
either single vessel disease with a subtotal occlusion and no 
collateral vessels or multivessel disease with extensive resting 
defects in the distribution of two or three diseased arteries. 
These patients were not analyzed further because the ana- 
tomic situation did not allow an identification of possible 
collateral protection. 

Angiography: Coronary arteriography was performed in 
multiple projections with use of the transcutaneous femoral 
Judkins technique. Contrast left ventriculography was per- 
formed in the right anterior oblique projection in all patients. 
The angiographic studies were analyzed by independent ob- 
servers who had no knowledge of the results of the thallium- 
201 myocardial scintigrams or the stress electrocardiograms. 
The maximal luminal narrowing for each of the three major 
coronary arteries (right, left circumflex and left anterior de- 
scending) was identified and classified as less than 50 percent, 
51 to 70, 71 to 90, 91 to 99 or 100 percent. A patient was con- 
sidered to have one, two or three vessel disease according to 
whether one, two or three major coronary arteries were nar- 
rowed by 50 percent or greater in their mainstream portion 
or in their principal marginal or diagonal branches. All five 
patients with left main coronary artery disease had a 50 per- 
cent or greater narrowing in the three major coronary arteries. 
The anatomic variations of the coronary circulation were 
noted and classified as right dominant distribution, left 
dominant distribution or balanced distribution. 

The presence, origin and destination of collateral vessels 
were noted. The quality of collateral filling of the native cir- 
culation was assessed according to the method of Hecht et al.” 
This method grades collateral flow as good, intermediate or 
poor according to the size and number of the collateral chan- 
nels, the density of filling of the native circulation and the 
washout times in the distal arterial segment. Collateral vessels 
were classified as “jeopardized” when their origin off the 
"donor" artery was distal to a 50 percent or greater coronary 
arterial narrowing, or *nonjeopardized" if the “donor” artery 
proximal to the collateral origin was narrowed by less than 50 
percent or not at all.® 

The left ventricular silhouette in the right anterior oblique 
projection was divided into segments according to the criteria 
of the American Heart Association,? and each segment was 
coded as showing inward motion during systole or no inward 
systolic motion (akinesia or dyskinesia). | 
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FIGURE 1. Myocardial images were recorded in three views: anterior 
(ANT) and 40° and 60° left anterior oblique (LAO). Each view was di- 
vided into five roughly equal segments numbered 1 to 15. The segments 
used in this study as representative of a major part of each vessel dis- 
tribution are labeled accordingly. LAD = left anterior descending; LCX 
= left circumflex; RCA = right coronary artery. 


Thallium-201 imaging: After intravenous administration 
of 1.5 to 2.0 mCi of thalium-201 myocardial images were re- 
corded in the anterior, 40° left anterior oblique and 60° left 
anterior oblique views, using an Ohio Nuclear Series 120 
camera and a low energy all-purpose parallel hole collimator. 
All patients underwent imaging both at rest and after bicycle 
(109 patients) or treadmill (15 patients) exercise as previously 
described.? The resting and stress studies were performed 1 
week apart and within 6 months of coronary arteriography. 
'There were no recognized acute coronary arterial events in the 
interval between arteriography and thallium-201 scintig- 
raphy. 

The patient studies were recalled from a computer (Medical 
Data Systems) and displayed using a 128 by 128 matrix. They 
were mixed with studies from normal subjects, patients 
without significant coronary artery disease and patients with 
coronary disease who were not part of this protocol. The im- 
ages were displayed without computer processing as rest- 
exercise pairs in the same projection and interpreted by three 
observers who had no knowledge of the clinical, angiographic 
or electrocardiographic findings. 

Segmental analysis of scintigraphic images: Each of the 
three images were divided into 5 roughly equal segments for 
a total of 15 segments (Fig. 1). Each segment at rest and ex- 
ercise was classified as normal or abnormal by the observers. 
With use of combined information from the 15 different seg- 
ments, patients were classified as having no perfusion defects, 
fixed defects at rest and during stress, or defects during stress 
not present at rest. To relate coronary arterial lesions and 
thallium-201 scintigraphic defects, we relied on published 
data,?19.!1 as well as on data previously obtained in this group 
of patients.!? We used segments 2, 6, 7, 11 and 12 for the left 
anterior descending artery, segments 4 and 5 for the right 
coronary artery and segments 9 and 10 for the left circumflex 
artery (Fig. 1). Defects occurring in these segments are highly 
specific for narrowings in the respective coronary arteries, 
although segment 9 can sometimes be involved with right 
coronary artery lesions.!°-!* The perfusion bed of an artery 
was considered to be free of ischemia, relative to the rest of the 
heart, if all of the corresponding segments were scintigra- 
phically normal (that is, segments 2, 6, 7, 11 and 12 for the left 
anterior descending artery, segments 4 and 5 for the right 
coronary artery and segments 9 and 10 for the left circumflex 
coronary artery. Defects in adjacent nonspecific segments 
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were not assigned to a particular vessel unless they extended 
into one of the specific scintigraphic segments. 

Data analysis: The influence of collateral vessels on the 
scintigraphic pattern was examined separately in the two 
subsets. In subset A, arteries with 100 percent occlusion were 
analyzed, and scintigraphic defects during exercise (fixed or 
transient) were correlated with the presence or absence of 
collateral vessels. Subset B was carefully selected for the fol- 
lowing characteristics: (1) significant narrowings in two or 
three coronary arteries, (2) normal scintigram at rest or a 
single resting defect in those patients with three vessel disease, 
and (3) a new scintigraphic defect during exercise. All patients 
in this subset therefore had two or more areas that were 
scintigraphically normal at rest and were at risk for the de- 
velopment of ischemia during exercise, and all had sufficient 
exercise to produce a defect in at least one of these areas. The 
underlying rationale was that scintigraphic abnormalities 
should appear first in the area corresponding to the most se- 
vere coronary arterial narrowing. When defects appeared in- 
stead in areas corresponding to less severely diseased vessels, 
and collateral vessels could be demonstrated, the area corre- 
sponding to the latter was considered to have been relatively 
“protected” from ischemia by the collateral vessels. 

In patients with a history of myocardial infarction, we used 
the following criteria to localize the region of the previous 
infarct: (1) presence and severity of a lesion in the coronary 
arteriogram; (2) location of either anterior (leads I, aVL and 
Vi to Ve) or inferior (leads II, III or aVF) Q waves with a du- 
ration of 0.04 second or more and a depth 25 percent or more 
of the associated R wave on the resting electrocardiogram; (3) 
presence and location of segmental akinesis or dyskinesis on 
the left ventriculogram; and (4) distribution of defects on the 
rest thallium-201 image. 

Analysis of the data was performed using a 2 X 2 chi square 
analysis, with Yates correction whenever any of the expected 
frequencies was less than 5. 


Results 


Complete coronary occlusion: Thallium-201 
scintigraphy detected 43 of 49 (88 percent) complete left 
anterior descending occlusions, 23 of 37 (62 percent) 
complete right coronary occlusions and 14 of 21 (67 
percent) complete left circumflex occlusions. In the 
absence of angiographically visualized collateral vessels, 
all regions supplied by 15 completely obstructed vessels 


TABLE | 


Exercise Thallium-201 Myocardial Imaging in Subset A (86 
patients): Sensitivity for Complete Coronary Arterial 
Occlusion 


Thallium-201 Stress Abnormality 
100% Obstruction 100% Obstruction 

With Without 
Collateral Vessels Collateral Vessels 


LAD (5 segments) 37/43 6/6 
RCA (2 segments)’ 19/33 4/4 
LCx (2 segments) 9/16 5/5 


Yates’ corrected chi square = 4.43, P <0.05 


* Left circumflex lesions with left distribution excluded. 

t Cases with left distribution included only if no lesion of the right 
coronary artery is present and the abnormality is located in segments 
of both the left circumflex and right coronary arteries. 

LAD = left anterior descending; LCx = left circumflex; RCA = right 
coronary artery. 
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were abnormal after exercise. The five scintigraphic 
segments from the left anterior descending coronary 
artery detected all six cases of complete obstruction of 
this artery; the two segments from the right coronary 
artery detected all four complete obstructions of this 
artery; and the two from the left circumflex coronary 
artery detected all five complete obstructions of this 
artery. In contrast, in the presence of angiographically 
visualized collateral vessels, the same scheme detected 
only 65 of 92 (71 percent) completely obstructed arteries 
(Yates' corrected chi square = 4.43, P «0.05) (Table 
I). 

Of the 92 completely obstructed vessels with collat- 
eral vessels, 19 were from patients without previous 
myocardial infarction, whereas 73 were from patients 
with prior infarction. Five of the 19 myocardial seg- 
ments (26 percent) from patients without infarction and 
22 of the 73 segments (30 percent) from patients with 
infarction remained scintigraphically normal with ex- 
ercise despite the presence of a thallium-201 defect 
elsewhere in the heart. In the latter group, the infarct 
was located in the segments remaining scintigraphically 
normal in 4 cases, in other segments in 14 cases and in 
unknown segments in 4 cases. 

Thus, most instances in which thallium-201 defects 
failed to appear in segments supplied by completely 
occluded arteries involved areas free of previous myo- 
cardial infarction, whereas a few examples involved 
segments with old infarcts. However, in every case the 
scintigraphically normal segments were supplied by 
angiographically visualized collateral vessels. 

Multiple vessel disease with stress-induced 
ischemia: In the 27 patients with two or three vessel 
disease and stress-induced thallium-201 defects, 42 
arteries had significant (more than 50 percent) ob- 
struction with no visible collateral supply. In 13 cases 
the obstruction was either complete (100 percent) or was 
the most severe coronary arterial lesion in the patient. 
In each of these cases, the corresponding myocardial 
segments became abnormal with stress (left anterior 
descending artery, four times; right coronary artery, four 
times; and left circumflex artery, five times). In 23 cases 
in which other coronary arterial lesions were of greater 
severity, the segments corresponding to noncollateral- 
ized vessels remained normal. In three patients, two 
coronary arteries had lesions of equal severity whereas 
the third artery was either less severely involved or 


TABLE Il 


Exercise Thallium-201 Myocardial Imaging in Subset B (27 
patients): Fate of Segments Supplied by Totally Obstructed | 
er by Most Severely Obstructed Arteries 


No Collateral Collateral 
Vessels Vessels 
Corresponding scintigraphic 
myocardial segments 
Abnormal 13 19 
Normal 0 10 


Yates’ chi square = 4.14, P <0.05 
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normal. Stress thallium-201 defects occurred in only one 
of the two regions with equally severe coronary lesions, 
wnereas the other remained normal in these cases. 

Thirty-one arteries with significant obstruction had 
an angiographically visible collateral supply. In 29 
cases the collateralized vessel was either completely 
obstructed (no. = 27) or was the most severe lesion in 
that patient (no. = 2). However, a corresponding scin- 
tigraphic abnormality appeared with exercise in only 
19 of these 29 cases (P <0.05) (Table II). The other 10 
cases, in which corresponding defects failed to appear, 
were considered to demonstrate relative “protection” 
from ischemia by collateral vessels (Fig. 2). In two pa- 
tients, 91 to 99 percent of the lesions supplied by col- 
lateral vessels coexisted with complete obstruction of 
another vessel. In one case, the corresponding scinti- 
graphic segments remained normal, and in the other 
case they became abnormal. 

In examining why some regions supplied by colla- 
teralized vessels were “protected” whereas others were 
not, an association was found between lack of **protec- 
tion" and the presence of significant narrowings in the 
arteries from which the collateral vessels originated 
(that is, “jeopardized” collateral vessels). Fourteen of 
16 regions supplied by jeopardized collateral vessels 
showed a new stress-induced perfusion defect, whereas 
8 of 13 areas supplied by nonjeopardized collateral 
vessels maintained a normal scintigraphic appearance 
(Yates’ chi square = 5.62, P «0.025). The angiographic 
collateral grade (good, intermediate or poor) had no 
influence on the results: Only 4 of 10 protected segments 
were supplied by angiographic collateral vessels that 
were “good” by Hecht’s criteria.’ 

Previous myocardial infarction, defined by Q waves 
or regional akinesia or dyskinesia, accounted for the 
failure of collateral vessels to “protect” several seg- 
ments. Although all segments were scintigraphically 
normal at rest, previous myocardial infarction had oc- 
curred in 12 of the 19 regions not protected at exercise 
by their collateral supply, including all five areas not 
protected by nonjeopardized collateral vessels. In con- 
trast, 8 of the 10 arterial beds protected by their col- 
lateral supply were not involved by a previous myo- 


FIGURE 2. Stress thallium myocardial 
scintigram of a patient with a complete 
proximal right coronary arterial ob- 
struction (supplied by collateral ves- 
sels), a 91 to 99 percent narrowing of 
the left anterior descending coronary 
artery (without collateral vessels) and 
71 to 90 percent narrowing of the left 
circumflex artery (without collateral 
vessels). The myocardial scintigram at 
rest was normal. The stress scintigram 
shows defects in the territory of the left 
anterior descending artery and the 
apex. Segments 4 and 5, representing 
a major part of the right coronary arte- 
rial distribution, remain normal, 
suggesting collateral protection. LAO 


— left anterior oblique. Anterior 





cardial infarct. The remaining two patients had prior 
small right coronary arterial infarcts and still showed 
partial protection. 

Normal stress scintigrams: Seventeen patients had 
normal stress thallium-201 scintigrams despite the 
presence of documented coronary artery disease. Un- 
fortunately, this group was not suitable for identifica- 
tion of collateral protection for several reasons. In 13 
patients there were no complete coronary arterial oc- 
clusions; overall disease was not severe in these patients 
(9 had one vessel disease, 3 had two vessel disease and 
only 1 had three vessel disease). Only 5 of 39 arteries had 
lesions of more than 90 percent diameter narrowing, and 
no collateral vessels were identified. Seven of the 13 
patients performed adequate exercise with a maximal 
heart rate more than 90 percent of the predicted rate; 
failure to identify a segmental scintigraphic defect may 
have been due to technical factors (rapid redistribution, 
late injection, for example), small ischemic regions or 
diffuse myocardial ischemia. Six of the 13 patients had 
inadequate stress (maximal heart rate less than 90 
percent of the predicted rate); none had S- T segment 
depression and 3 were taking propranolol. It is likely 
that the normal scintigram in these patients reflected 
an absence of myocardial ischemia. Each of the re- 
maining four patients had one vessel completely ob- 
structed with collateral channels identified to the oc- 
cluded bed. 'The maximal heart rates in these patients 
ranged from 128 to 175 beats/min, and no patient was 
taking propranolol. Although these cases may represent 
collateral protection, diffuse ischemia or inadequate 
stress cannot be excluded as a possible cause of the 
normal scintigram. 


Discussion 


Functional importance of coronary collateral 
vessels in the pathophysiology of coronary artery 
disease: This has been the subject of much debate. The 
occurrence of collateral vessels is associated with severe 
narrowing in a coronary artery, an 80 to 90 percent lu- 
minal obstruction generally being required before col- 
lateral vessels can be visualized angiographically. In 
addition, the frequency of collateral vessels is greater 
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in patients with multiple than in those with single vessel 
coronary artery disease.!*-!4 The presence or absence 
of collateral vessels has not been found to influence 
overall physical activity, duration of anginal symptoms, 
frequency of pathologic Q waves, development of ex- 
ercise-induced S-T segment abnormalities, incidence 
of asynergy or abnormalities in left ventricular hemo- 
dynamics,!?!6 although it has been difficult to obtain 
comparable study groups with and without collateral 
vessels. However, when electrocardiographic, ven- 
triculographic and functional correlates of regional 
myocardial viability have been related to individual 
coronary arterial lesions, the importance of collateral 
supply has been demonstrated.79:18 

Rationale for and limitations of thallium imag- 
ing: In this study, we utilized segmental analysis of 
stress thallium-201 myocardial scintigrams to demon- 
strate that in some patients collateral vessels can pro- 
vide at least relative protection against myocardial 
ischemia. The rationale for using thallium imaging to 
assess the role of collateral vessels was based on the 
hypothesis that scintigraphic abnormalities should 
appear first in the area corresponding to the most severe 
coronary arterial lesion. 

In subset A we considered only complete coronary 
occlusions: Corresponding scintigraphic abnormalities 
were always seen when collateral vessels were absent, 
but a normal scintigraphic appearance was found in 39 
percent of arteries receiving collateral vessels. This 
approach eliminated the need to draw fine distinctions 
between arteries with similar degrees of narrowing and 
thereby minimized the chance of errors related to an- 
giographic reading. However, interpretation of the re- 
sults in this group was difficult because it included pa- 
tients whose scintigram was abnormal at rest and did 
not change with exercise. [n these cases it was uncertain 
whether the amount of exercise was adequate to elicit 
myocardial ischemia. In addition, because all of the 
myocardial segments without collateral vessels had 
previous infarction whereas most of those with good 
collateral vessels were free of infarction, interpretation 
was hindered by the difficulty in distinguishing between 
infarction and collateral vessels as factors. However, a 
detailed analysis of each case of apparent collateral 
protection revealed that some instances of protection 
were found in segments with previous infarction, and 
that collateral vessels were present in all cases in which 
the scintigram remained normal after exercise despite 
a totally occluded artery. Furthermore, the appearance 
of infarction in areas without collateral vessels, and the 
lack of infarction in many areas with collateral vessels, 
may be construed as further evidence of the protective 
effect of collateral vessels. 

Subset B was selected to minimize the limitations 
inherent in subset A. All patients in subset B had at 
least two coronary arterial perfusion beds that were at 
risk for the development of ischemia, and all had at least 
one thallium-201 defect with exercise, indicating 
achievement of adequate exercise levels. Stress scinti- 
grams were analyzed to determine whether defects ap- 
peared in the distribution of the most severely narrowed 


artery and, if not, whether collateral vessels could pro- 
vide an adequate explanation. The results indicated 
that in 13 cases in which a coronary lesion was the most 
severe and collateral channels were absent, the corre- 
sponding scintigraphic segments always became ab- 
normal with stress. Of 29 cases in which an artery was 
most severely involved and collateral vessels were 
present, only 19 (66 percent) had a corresponding ex- 
ercise defect. ^ 

Factors influencing scintigraphic results: Vari- 
able sensitivity of myocardial scintigraphy for lesions 
in the left anterior descending, left circumflex or right 
coronary artery could theoretically have been a factor 
in our results. However, this seems unlikely because all 
of the most severe lesions not supplied by collateral 
vessels were detected, irrespective of the vessel involved 
(10 left anterior descending, 9 left circumflex and 7 right 
coronary arteries in both subsets). Furthermore, *pró- 
tection" with collateral vessels was demonstrated for 
all 3 coronary arteries (6 left anterior descending, 7 left 
circumflex and 14 right coronary arteries in subset A; 
1 left anterior descending, 3 left circumflex and 6 right 
coronary arteries in subset B). 

It is also possible that our results were influenced by 
the choice of scintigraphic segments used to define the 
perfusion beds of the three major coronary arteries (Fig. 
1). We used segments specific for the corresponding 
arteries!?-!? in order to be able to correlate accurately 
arteriographic lesions with scintigraphic pattern. Pa- 
tients without stress defects in these segments were 
considered to demonstrate protection from ischemia, 
even if defects appeared in adjacent nonspecific scin- 
tigraphic segments. We believed that this approach was 
justified because arteries with collateral vessels and 
arteries without collateral vessels were analyzed in 
identical fashion. Inclusion of segment 14 as an area 
"specific" for right coronary artery disease would have 
decreased from six to three the number of cases if 
subset B in which the right coronary artery was “pro- 
tected" by collateral vessels. Although segment 14 may 
be abnormal in right coronary artery disease, it is also 
frequently abnormal in left circumflex disease; the three 
patients in question all had significant left circumflex 
narrowings and also had scintigraphic abnormalities in 
the circumflex segments (segments 9 and 10). Because 
all of the right coronary obstructions in subset B were 
proximal, we believed it was safe to conclude that the 
absence of defects in segment 4 or 5 demonstrated at 
least partial protection of the right coronary perfusion 
bed. 

Jeopardized versus nonjeopardized collateral 
vessels: Knowledge of whether collateral vessels to an 
occluded artery originated distal to a significant coro- 
nary narrowing helped explain why some collateral 
vessels appeared to protect against ischemia, but ethers 
did not. Jeopardized collateral vessels were protective 
in only 2 of 16 cases (13 percent) whereas nonjeopar- 
dized collateral vessels protected in 8 of 13 cases (62 
percent). Similar observations were made by Banka et 
al.5 using angiographic data. We had also anticipated 
that the quantity of collateral flow, estimated angio- 
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graphically,’ might be useful in predicting collateral 
protection. However, only 4 of 10 protected regions were 
supplied by good collateral flow. Thus, we were unable 
to corroborate the usefulness of angiographic estimates 
of collateral blood flow. 

A lack of protection by some nonjeopardized collat- 
eral vessels could be further explained by the presence 
of a prior myocardial infarction in that region. All five 
cases in which nonjeopardized collateral vessels failed 
to protect against ischemia had evidence of previous 
infarction by corresponding Q waves, ventricular aki- 
nesia or thallium-201 defect at rest. However, prior in- 
farction does not negate the possibility that a certain 
amount of viable myocardium might remain in that 
vascular distribution and that collateral vessels might 
still provide some perfusion.? This was seen in two of our 
cases with small right coronary arterial infarcts. 

Implications: Published data relating the ischemic 
response during exercise stress testing to the presence 
or absence of collateral vessels have tended to confirm 
Blumgart's initial postulate!? that collateral vessels are 
able to maintain the resting requirement of the heart, 
but not the demands of an increased work load. Because 
previous reports?? have suggested that the stress elec- 
trocardiogram has little localizing value, our study 
utilizing thallium-201 scintigraphy represents the first 


opportunity to examine the effect of exercise on regional 
collateral perfusion in human beings. Our results indi- 
cate that coronary collateral vessels may help maintain 
relative myocardial perfusion during exercise, although 
we could not measure absolute levels of coronary col- 
lateral flow with this technique. Thus, the results are 
not necessarily at variance with previous animal data 
suggesting that collateral channels are inadequate for 
the metabolic requirements of stress.2!:22 Nevertheless 
a recent study?? in conscious dogs has demonstrated 
that chronically developed collateral vessels can provide 
normal increases in myocardial blood flow during ex- 
ercise and protect against regional ischemia. 

Our data suggest that collateral protection is one of 
the factors responsible for the persistence of a normal 
scintigraphic appearance in myocardial segments sup- 
plied by severely obstructed coronary arteries. This 
must be borne in mind when using thallium-201 scin- 
tigraphy to assess the degree of coronary arterial ste- 
nosis,?^?5 the need or priority for coronary bypass 
procedure,’ or the results of coronary arterial surgery.?" 
With development of methods for measuring absolute 
levels of regional myocardial perfusion, the type of 
analysis used in this study should prove useful for de- 
termining the true functional significance of the coro- 
nary collateral circulation in human beings. 
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What does this hard driving 
magazine editor 
have in common 
















with this 

chronically 
fatigued 

grandmother? 


Potassium 
depietion. 


The editors hypertension is treated with diuretics, 
and all effective diuretics cause kaliuresis.'-* Even 
potassium-sparing diuretics, at least when com- 
bined with thiazides, may not protect the patient 
from potassium losses.'? Unless she eats the foods it 
takes to replace the losses, her deficit can only 
grow. Those foods contain an extra 700 or 800 
calories. 

The grandmother's malaise and muscle weakness 
can be early signs of potassium deficit which can 
accrue from inadequate diet, particularly one high 
in carbohydrates;! purgative habits; ^** or cortico- 
steroid therapy. ^ 












Effective potassium 
su plementation 
— 

Is required. 
Both the editor and grandmother have a 
need for potassium. Yet safe and effective 
supplementation must be tailored to their 
individual life-styles. Patient compli- 

ance to potassium therapy can help 

assure a high rate of efficacy, and i 
compliance is enhanced by dosage 
simplicity, convenience and taste. 

The woman with great demands on 

her time can appreciate the 

convenience of once-a-day dosage 

for her potassium needs ... dosage 

that fits in with her other medication 
schedules. The grandmother needs 

an easy-to-take, good-tasting 

dosage form with GI safety. 
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—No potassium supplements meet 
t varied patient needs better than... 


K-LY TE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


The best of taste for over a decade 


K-LY TE DS 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


Convenient once-a-day dosage 


K-LY TE/CL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 
Citrus and Fruit-Punch Flavors 


The easy, tasteful, effervescent way 
when the chloride ion is preferred 


The K-LY TE line...safe and 
effective potassium 
supplementation meeting 
a variety of patient needs 


* Safety of aliquid all the way through the GI tract — no 
reports of GI ulceration in over a decade of use with 
K-LYTE* 

* Clinical evidence of efficacy —rapid absorption for 
prompt therapeutic serum levels 

* Dosage simplicity and accuracy —convenient efferves- 
cent tablet forms; no mixing or spilling. Easilv fits into 
the patients life-style and other medication schedules 

* Great taste and a choice of flavors —an aid to patient 

compliance along with a one- or two-tablet-a-dav 

dosage regimen 
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KLYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 


LYTE DY 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 


KLYTE/GL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 








Safe and effective 
potassium 
supplementation 
meeting a variety 
o patient needs 
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Prescribing Considerations 

Indications: K-LYTE DS, K-LYTE and K-LYTE/CL are oral potassium supplements 
for therapy or prophylaxis of potassium deficiency. They are particularly useful when 
thiazide diuretics, corticosteroids, or severe vomiting and diarrhea cause excessive 
excretory potassium losses; and when dietary potassium is low. Carefully monitored, 
K-LYTE DS, K-LYTE and K-LYTE/CL may ds be useful for potassium replacement 
where digitalis intoxication results in cardiac arrhythmias. 

Contraindications: Impaired renal function with oliguria or azotemia; Addisons dis- 
ease; hyperkalemia trom any cause. 

Warnings and Precautions: Since the amount of potassium deficiency may be difficult 
to determine accurately, supplements should be administered with caution, and dos- 
ages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxi- 
cation are variable. They include listlessness, mental confusion, and tingling of the 
extremities. Frequent checks of the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypokalemia, attention should also be 
directed toward other potential electrolyte disturbances. Potassium supplements 
should be given cautiously to digitalized patients and such patients should be moni- 
tored by ECG for cardiac ires Lnifies. To minimize the possibility of gastrointestinal 
irritation associated with the oral ingestion of concentrated potassium salt prepara- 
tions, patients should be carefully directed to dissolve each dose completely in the 
stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may oc- 
cur with the use of potassium salts. 

Dosage and Administration: Adults: | K-LYTE DS tablet (50 mEq potassium) com- 
pletely dissolved in 6 to 8 ounces of cold or ice water, 1 to 2 times daily; 1 K-LYTE 
tablet (25 mEq potassium) completely dissolved in 3 to 4 ounces of cold or ice water, 
2 to 4 times daily. 1 K-LYTE/CL tablet (25 mEq potassium chloride) completely dis- 
solved in 3 to 4 ounces of cold or ice water, 2 to 4 times daily. NOTE: It is suggested 
that K-LYTE DS, K-LYTE and K-LYTE/CL be taken with meals and sipped slowly 
over a 5 to 10 minute period. 

How Supplied: K-LYTE DS effervescent tablets (orange or lime flavors) are available 
in cartons of 30. K-LYTE effervescent tablets (orange or lime flavors) are available in 
cartons of 30 and 250. K-LYTE/CL effervescent tablets (fruit punch and citrus) are 
available in cartons of 30 and 250. All tablets are individually foil wrapped. 


References: 1. Buckalew VM, Harris TR, Kassirer JP, et al: Potassium balance: walking the mEq 
tightrope. Patient Care 9:20— 69, 1975. 2. Morrelli HF, Brater DC, Cohen M, et al: In digitalized 
patients: how serum K+ can fool vou. Curr Prescrib 4:76-85, 1978. 3. Kosman ME: Management 
of potassium problems during long-term diuretic therapy. JAMA 230:743— 748, 1975. 4. New- 
mark SR, Dluhy RG: Hyperkalemia and hypokalemia. JAMA 231:631 — 633, 1975. 5. Wester- 

man RL, Snively WD Jr: Potassium deficit: clinical aspects. GP 33:85— 93, 1966. 6. Chesney RW: 
Drug-induced hypokalemia. Am J Dis Child 130:1055— 1056, 1976. 7. Duke M: Thiazide-induced 
hypokalemia: association with acute myocardial infarction and ventricular fibrillation. JAMA 
239:43— 45, 1978. 8. Hall WD: Clinical use of diuretics in congestive heart failure. Med Times 
107:24— 32, 1979. 9. Fleming BJ, Genuth SM, Gould AB, et al: Laxative-induced hypekalemia, 
sodium depletion and hvperreninemia: effects of potassium and sodium replacement on the 
renin-angiotensin-aldosterone system. Ann Intern Med 83:60-62, 1975. 
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e CyberLith. 
A remarkable new multi-programmat 


pacing system. 





When Thomas Edison wed his incandescent lamp to 
a practical electrical distribution network, he 
created a lighting system that was to revolutionize 
the way man lived. 

Intermedics took its cue from the 
scientific genius of men like Edison and 
became the first pacemaker manufacturer 
to offer an unprecedented range of pro- 
grammable pacemaker functions in a total, 
fail-safe, heart pacing system. 

The multi-programmable CyberLith system. 










The CyberLith 


provides unprecedented 
control of heart pacing therapy. 


Always maintaining a close relationship with its cus- 
tomers, Intermedics was quick to realize that physicians 
were demanding greater control in their use of multi- 
programmable pacemakers. Control that would enable 
them to respond precisely to their patients’ problems. 
Now, the CyberLith System puts that control in your 
hands. Our CyberLith (Model 253-05) gives you: 


* Versatility, with 15 pacing rates ranging from 20 to 120 pt 

e Flexibility, with 15 pulse widths varying from 0.15 to 2.29m 

e Responsiveness, with 7 sensitivity levels. 

* Adaptability, with three operating modes—R-wave inhibi 
(demand), asynchronous (fixed rate), or R-wave synchron 
(demand). 


Fail-safe programming ensures 
system control. 


This unparalleled range of programmable features is 
made possible by custom CMOS (complementary meta! 
oxide-semiconductor) integrated circuitry, recognized fo: 
its high reliability and low power consumption. 

CyberLith functions may be programmed individuall 
or in combination, using a battery-powered portable Pr 
grammer. Reprogramming is automatically confirmed, 
and an advanced fail-safe feature guards against acciden 
tal reprogramming. 





Intermedics Pulse Generators 





'he CyberLith. A system that Thomas 
ison would admire. 

ontact your Intermedics Representative for additional 
formation on the many other advantages of our multi- 
ogrammable CyberLith Pacing System. 

At Intermedics, we are producing tomorrow's 


hnology today, because OUR BUSINESS IS LIFE. 



















ree limited edition print offer 
om Intermedics, Inc. 


e Thomas Edison original water color is the third in a 


limited-edition print, numbered and signed by the 
ist, is available to physicians only from Intermedics. 
obtain your print, please write to Marketing Admin- 
ation, Intermedics, Inc., P.O. Box 617, Freeport, 

as 77541. 


: The CyberLith is currently undergoing clinical evaluation and is not routinely 
ble on a commercial basis. 


ics, Inc., June 1979. 
Lith ™ is a trademark of Intermedics, Inc. 


ies by artist Ron Adair, commissioned by Intermedics. 


INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and heart block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and 

variable service life as a result of factors such as the initial capacity 

of the battery and the shelf storage time of the manufactured pace- 
maker; variations in electrode system resistances, stimulation rate, and 
the percentage of time the implanted pacemaker is inhibited; and ran- 
dom electronic component failures. 

Pacemaker operation can be influenced by electric, magnetic, or elec- 
tromagnetic energy mimicking normal cardiac activity. In addition, cer- 
tain environmental sources can couple sufficient energy into a pace- 
maker system to damage the pulse generator. Specifically, diathermy 
should not be used on pacemaker patients because of possible total inhi- 
bition of the pulse generator; electrocautery can inhibit and/or damage 
the pacemaker as well as cause burns or possible ventricular fibrillation; 
defibrillation can damage the pacemaker, and the presence of the pace- 
maker may cause increased cardiac muscle damage from defibrillation. 
Microwave ovens that do not exceed federal guidelines for leakage (0.5 
W/cm? at 2.5 cm from the appliance) will not affect the pacemaker, but 
leakage in excess of that amount may cause interference. Certain elec- 
trical and gasoline-powered appliances can cause inhibition of an 
implanted cardiac pacemaker system. 

For complete precautions, see the Physician's Manual for the 
Intermedics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical method 
for control of heart rate. Body rejection phenomena, local tissue reac- 
tion or skin necrosis, muscle and nerve stimulation, embolism, and car- 
diac tamponade have been reported. 


$9 Intermedics lnc. 


P.O. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 





Our business is life.” 








For over 12 years, Lasix® tablets, 
manufactured in the U.S. exclusively 
by Hoechst-Roussel Pharmaceuticals 
Inc., have been prescribed for millions 
of patients. It is today one of the most 
widely prescribed drugs in the world 
and, clearly, one of the most respect- 
ed. In fact, it can be characterized 
as the diuretic most likely to succeed in all 
degrees of cardiac edema. 


Furosemide is a unique agent, 
potent in an unusually wide range of 
dosage strengths. But it is also inher- 
ently insoluble. And that’s why the 
manufacture and quality control of 
this agent are but two of several criti- 
cal factors in its effectiveness. For it 
has been shown that drug solubility 
can alter absorption and thus can 
seriously affect bioavailability. 





ED mg. E mg 


And it was apparently this type 
of problem with certain unlawfully 
marketed versions of furosemide that 
prompted the FDA to alert patients 
that these substitute drugs "may be 
ineffective and therefore harmful to 
patients who need the drug.”? 


Lasix® tablets, on the other hand, 


havea record of safety and efficacy that 
is exemplary —a record firmly estab- 
lished in almost 6,000 published 
papers. Since its introduction, 7.8 bil- 


lion Lasix® tablets have been manufac- 


tured — without a product recall by the 
Government for any reason. More- 
over, stability studies demonstrate that 
Lasix® tablets remain unimpaired in 
potency over a five-year period * 


All this is made possible by the 
thoroughness, expenence, integrity 
and worldwide resources of the Lasix® 
innovator, Hoechst, the name behind 
the great clinical success of the product. 


ust what the 
octor ordered 


We're asking every 


physician who prescribes 
Lasix® (furosemide)* tablets tc 
show patients how to identify 
| them. If it doesn't say Hoechs 
| it isn’t Lasix. Make sure your 
dendi checks for the name 
"Hoechst" on the tablet. 


So to be sure of consistent per- 
formance, tablet after tablet, specify 
Lasix® and tell patients to double- 
check that the furosemidethey receiv 
is dispensed as Lasix*. . .available in 
wide selection of dosage forms and 
strengths, including the only oral 
solution form of the drug. 


Lasix®— one less variable in the 
treatment of cardiac edema. 
1 HEW News, publication 79-6. U.S. Department ot 


Health, Education, and Welfare (Food and Drug 
Administration), March 30, 1979, p. 1. 


t Data on file and available upon request from 
Hoechst-Roussel Pharmaceuticals Inc., 


Somerville, N 3p 08876. 


LASIX 


(furosemide) 


* U.S. PATENT 3,058,882 


TABL 





Because there’s no substitute for qualit 


n wid! QUITTING y VI MIO rigour "HW HHUILTEPOIRUT T TUT LUDA 
(furosefnide). Tablets 20, 40 and 80 mg. 

WARNING: Lasix (furosemide) is a potent diuretic which, if 
given imexcessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure, 
cirrhosis of the liver, and renal disease, including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs; patients not adequately con- 
trolled with thiazides also probobly will not be adequately con- 
trolled with furosemide alone 

CONTRAINDICATIONS: Because animal reproductive studies 
have shown that furosemide may cause fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
tial. Anuria. History of hypersensitivity to the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume, with circulatory collapse and with 
the possibility of vascular thrombosis and embolism, particu- 
larly in elderly patients. Excessive loss of potassium in patients 
receiving digitalis glycosides may precipitate digitalis toxicity 
Exercise care in patients receiving red ye ay 
steroids. Perform frequent serum electrolyte, CO;, and BUN de- 
terminations during first few months of therapy and periodically 
thereafter, and correct abnormalities or temporarily withdraw 
the drug. Initial therapy of patients with hepatic cirrhosis and 
ascites is bes! carried out in the hospital. Closely observe cir- 
rhotic patients for sudden fluid and electrolyte imbalances tha! 
may precipitate hepatic coma. Supplemental potassium 
chloride and, if required, an aldosterone antagonist are helpful 
in preventing hypokalemia and metabolic alkalosis. Discon- 
tinue furosemide if increasing azotemia and oliguria occur dur- 
ing treatment of severe, progressive renal disease. Observe 
patients regularly for possible blood dyscrasias, liver damage, 
or other idiosyncratic reactions. Patients with known sul- 
fonamide sensitivity may show allergic reactions. Furosemide 
may potentiate the therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or activation of systemic 
lupus erythematosus may occur. Furosemide appears in breast 
milk. If use of the drug is essential, the patient should stop 
nursing. Cases of tinnitus and reversible hearing impairmen! 
hove been reported. 

There have also been some reports of cases in which irrevers- 
ible hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
severe impairment of renal function at doses exceeding several 
times the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable 
(For adults, an infusion rate not exceeding 4 mg furosemide 
per minute has been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur, especially in patients receiving higher doses 
and a restricted salt intake. Patients receiving furosemide 
should be observed for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations 
ore particularly important when the patient is vomiting exces- 
sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. Hypokalemia may 
develop with furosemide as with any other potent diuretic, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomitant use of corticosteroids or ACTH. Interference 
with adequate oral electrolyte intake will also contribute to 
hypokalemia. Digitalis may exaggerate metabolic effects of 
hypokalemia, especially with reference to myocardial activity 
Asymptomatic hyperuricemia can occur and gout may rarely be 
precipitated. Increases in blood glucose and alterations in glu- 
cose tolerance tests with abnormalities of the fasting and two- 
hour postprandial sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide may lower serum calcium levels, and rare cases of tetany 
have been reported. Periodic serum calcium levels should be 
obtained. Reversible elevations of BUN may be seen. These 
have been observed in association with dehydration, which 
should be avoided, particularly in patients with renal insuffi- 
ciency. Patients receiving high doses of salicylates in conjunc- 
tion with furosemide may experience salicylate toxicity at lower 
doses because of competitive renal excretory sites. Furosemide 
has a tendency to antagonize the effects of tubocurarine and 
may potentiate the action of succinylcholine. Lithium generally 
should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity. Diuretics such 
as furosemide may enhance the nephrotoxicity of cephaloridine 
Therefore, furosemide and cephaloridine should not be ad- 
ministered simultaneously. Furosemide may decrease arterial 
responsiveness to norepinephrine. This diminution is not suffi- 
cient to preclude effectiveness of the pressor agent for therapeu- 
tic use 

It has been reported in the literature that coadministration of 
indomethacin may reduce the natriuretic and antihypertensive 
effects of Lasix (furosemide) in some patients. This effect has 
been attributed to inhibition of prostaglandin synthesis by in- 
domethacin. Indomethacin may also affect plasma renin levels 
and aldosterone excretion: this should be borne in mind when 
a renin profile is evaluated in hypertensive patients. Patients 
receiving both indomethacin and Lasix (furosemide) should be 
observed closely to determine if the desired diuretic and/or 
antihypertensive effect of Lasix (furosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), 
thrombocytopenia, aplastic anemia (rare), purpura, photosen- 
Sitivity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
ous vasculitis), exfoliative dermatitis, erythema multiforme, 
pruritus. Orthostatic hypotension may occur and may be exag- 
gerated by alcohol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness, urinary bladder 
spasm, thrombophlebitis 
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How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 


a leading medical center show 
you how to use the most current 


5 
ev 





chemotherapeutic agents 


A SYNOPSIS OF 


——— ancer 


emotherapy~ 


At last a way to keep up with the bewildering prolifera- 
tion of new chemotherapeutic drugs which have 
come into use relatively recently. This just published 
guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 
cist, and nurse oncologist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to" manual. 
Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 
following for both commercially 
available and investigational 
drugs: 

e Structure 

e Mechanism of Action 

e Pharmacokinetics 

e Toxicity 

e Therapy 

* Availability 


The chemotherapeutic agents in 

the main listing section cover 

these categories: 

* Alkylating Agents 

* Antimetabolites 

* Mitotic Inhibitors 

* Antibiotics 

* Miscellaneous (includes such 
drugs as Mithramycin, 
Mitotane, etc.) 
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Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div. of Hematology-Oncology, 
The New York Hospital. 





Use it for 30 days—FREE 


Refer to it for chemotherapeutic drug information for a full 
month. Then keep the book only if you want it for permanent 
reference. Otherwise simply return it and owe nothing. You 
have nothing to lose and a whole world of valuable life-saving 
knowledge to gain. Order right now! 
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Pharmacokinetics Anxiety neuroses 

Ativan (lorazepam) is eliminated more rapidly In many nationwide studies involving 

than other benzodiazepines; generates no thousands of patients with anxiety neuroses, 
clinically active metabolites. The half-life of Ativan (lorazepam) consistently provided 
free lorazepam is about 12 hours; steady-state significant relief of anxiety, tension, agitation 
blood levels are attained in 2-3.days. and irritability as measured by standard 
(Comparable data for diazepam: 20-50 hours Hamilton, Global (physician rated) 

and at least 7-10 days.) Ativan shows no and 35-Item (patient self-rated) scales. 


evidence of accumulation, even when given in 
high doses for as long as 6 months. 

(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 


Copynght € 1979, Wyeth Laboratories Div of AH PC. N Y., N Y All rights reserved 


They’re all about the same, aren’t they? Until recently, that seemed to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 
_and all are effective anxiolytics. With seven of these compounds now available, - 
however, differences have begun to emerge. Foremost among them: 

different metabolic pathways, which distinguish the relatively short-acting Ativan 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 

At the same time, your choice can be made with confidence in the clinical record 
of Ativan, which confirms its value in anxiety neuroses and in significant anxiety 
associated with functional or organic disorders, as well as in older patients. 


Consider the record of Ativan: 
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Anxiety in Anxiety in Anxiety in 

cardiovascular disorders gastrointestinal disorders the aging patient 

Ativan (lorazepam) has been specifically So far, nine common protocol, double-blind Because its simple metabolism is not readily 
evaluated and found effective in seven studies of Ativan have focused on anxious impaired with advancing age, and 

common protocol, double-blind studies patients with functional or organic accumulation is not likely to present a 
involving 423 patients (211 on Ativan) gastrointestinal complaints (457 patients, problem, Ativan is a good choice for older 
whose anxiety was related to organic 234 on Ativan). Ativan was clearly effective patients. Those who have trouble swallowing 
and functional cardiovascular disorders. in reducing the anxiety of these patients. solid medication appreciate the small Ativan 
The cardiovascular component The gastrointestinal component has not, tablet, which is tasteless and disintegrates 


has not, of course, been shown to be of course, been shown to be significantly within seconds in water or fruit juice. 


significantly benefited by such therapy. benefited by such therapy. 
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See important information on following page. 
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“Indications and [ eis Spock: relief of ai, tension. agitation, irritability and 
insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 


associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
‘toms are a significant feature of functional or organic disorders, particularly gastrointestinal or 


cardiovascular. 
Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 


atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs. warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
wher on benzodiazepines because of their predisposition to habituation and dependence 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 

Precautions: In depression accompanying anxiety, consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions. 

Observe usual precautions with impaired renal or hepatic function. 

Where c.--*rointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not bec^ shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg.'kg ‘day No effect dose was 1.25mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 1T0mg/ day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G.I. disease. 

Satety and effectiveness in children under 12 years have not been established 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 


. elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 


= 


are recommended during long-term therapy 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 


rats during an 18-month study. No studies regarding mutagenesis have been performed. 


- PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 


Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 


. dosage. Although all these anomalies were not present in the concurrent control group, they 
- have been reported to occur randomly in historica! controls. At 40mg/kg and higher, there was 


evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this per'od 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 


. pregnant at institution of therapy should be considered. Advise patients if they become preg- 


nant to communicate with their physician about desirability of discontinuing the drug 
In humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide 


. NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 


benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 


. many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients. most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
weakness (4.296) and unsteadiness (3.496). Less frequent are disorientation, depression, nau- 
sea, change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 


| have been noted but are not clinically significant. probably being related to relief of anxiety. 


Overdosage: in management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S.P Usefuiness of dialysis has not been determined 


(Ativan Gg 
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Dosage: individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 


tional stress, 2-4mg h.s. 
How Supplied: 0.5, 1.0 and 2.0mg tablets. 


Wyeth Laboratories 


| | j Phitadeiphia, PA 19101 


TM 


Copyright © 1979, Wyeth Laboratories 
Div. of AHPC, N Y.. N.Y. All rights reserved 
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Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 
O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 
C) Nuclear cardiology 
O Computer analysis of the exercise ECG 
O Stress myocardial scintigraphy 
O Various interpretations of exercise tests in the asymptematic: 
population 
The editors have brought together a distinguished group of 
specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
Tnat's right! You're invited to look it over before buying it. 
Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 
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To identify abnormal left ventricular function without exercise stress in 
patients with coronary artery disease first-pass radionuclide angiograms 
were analyzed in 32 normal subjects (Group |); 31 patients with coronary 
disease and normal contrast ventriculograms (Group Il); and 17 patients 
with coronary disease and depressed left ventricular function (Group Ill). 
Total ejection fraction (EF) was computed with standard angiographic 
methods and from each time-activity curve. During the first third of systole, 
eje&tion fraction was determined manually by averaging three to five beats 
and the value compared with that obtained with contrast ventriculog- 
raphy: ER 


Contrast Radionuclide 
Group Total EF 1/3 EF Total EF 1/3 EF 
| — — 0.62 + 0.04 0.29 + 0.04 
I 0.64 + 0.08 0.23 + 0.04 0.59 + 0.05 0.18 + 0.04* 
I 0.42 + 0.09* 0.18 + 0.04 0.34 + 0.09* 0.13 + 0.04* 


* P < 0.01 versus Il; ! P < 0.01 versus | and II. 
* P < 0.01 versus I. Y 


Both total radionuclide ejection fraction (r — 0.95) and first-third 
ejection fraction (r — 0.91) correlated well with angiography. Intraob- 
server and interobserver variation was small, averaging 0.02 + 0.02 
(range 0 to 0.05). The radionuclide first-third ejection fraction was 0.25 
or greater in normal subjects and less than 0.25 in 29 of 31 patients 
(94 percent) in Group Il and in all patients in Group Ill. It is concluded 
that the first-third ejection fraction obtained with first pass angiography 
identifies subtle abnormalities of left ventricular function at rest in more 
than 90 percent of patients with coronary disease that may not be rec- 
ognized by total ejection fraction alone. 


Our experience and that of other investigators indicate that one third 
or more of patients with chronic ischemic heart disease have a normal 
left ventricular ejection fraction at rest. Therefore, stress exercise studies 
have been developed to produce changes characteristic of ischemia shown 
by alterations in the S- T segment,! myocardial scintigraphy” or changes 
in ejection fraction.” However, Leighton et al. and Johnson et al.’ using 
contrast ventriculography were among the first investigators to suggest 
that alterations in early ejection phase indexes and wall motion might 
be a more sensitive indicator of ventricular dysfunction (thus suggesting 
the possibility of coronary artery disease) than the conventional ejection 
fraction. Accordingly, in this study we compared the sensitivity for de- 
tection of coronary artery disease of the ejection fraction determined 
at rest with first pass radionuclide angiography and that of the fraction 
ejected during the first one third of systole. 
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Methods 


Patient Groups 


With the method described by Schelbert et al.,? 80 subjects 
underwent first pass radionuclide angiography. These 80 
subjects were separated into three groups: | 

1. Group I consisted of 32 normal subjects. Twenty-two 
were normal volunteers who were not taking medication and 
had no evidence of cardiopulmonary disease by history or 
physical examination. Ten subjects in this group underwent 
contrast angiography for complaints of chest pain and were 
found to be free of cardiac disease. No patient had received 
nitroglycerin or propranolol within 96 hours of the study. 
'There were 11 women and 21 men with a mean age of 48 years 
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(range 23 to 66). All had normal chest X-ray films and elec- 
trocardiograms; 

2. Group II was camposed of 31 patients with a history of 
chest pain who underwent diagnostic cardiac catheterization. 
Each of these patients had at least one significant area of 
greater than 70 percent coronary arterial stenosis and normal 
ejection phase indexes of left ventricular performance, in- 
cluding ejection fraction, mean velocity of circumferential 
fiber shortening and mean normalized systolic ejection rate 
assessed with conventional contrast angiography. Nine pa- 
tients had been taking propranolol, but this agent was dis- 
continued 96 hours before the study. None were taking digi- 
talis and none had valve disease. This group was composed 
of 9 women and 22 men with a mean age of 52 years (range 33 
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FIGURE 1. Typical time-activity curves from two 
E subjects after a single bolus dose of radioactive tracer 
through the left ventricle. Both subjects had a normal 
ejection fraction (EF). 
Volume 44 
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to 64). No patient had historical or electrocardiographic evi- 
dence of a previous infarct. 

3. Group III consisted of 17 patients with coronary artery 
disease as previously defined. All 17 had depressed ejection 
phase indexes (ejection fraction less than 0.56; mean velocity 
of circumferential fiber shortening less than 1.00 circumfer- 
ence/sec; mean normalized systolic ejection rate less than 2 
vols/sec). Thirteen of these patients were taking digoxin 
(mean serum level 1.34 + 0.19 ng/ml [+ standard deviation]). 
No patient was receiving antihypertensive therapy or pro- 
pranolol and all had normal blood pressure at the time of 
study. This group consisted of 15 men and 2 women with a 
mean age of 53 years (range 35 to 75). 

All subjects gave written informed consent for study ac- 
cording to a protocol approved by The Committee on Human 
Investigations Using Human Subjects and Volunteers, Uni- 
versity of California, San Diego. 


Radionuclide Angiography 


Each subject underwent first pass radionuclide angiography 
performed using 14 to 20 miC of technetium-99m (99™Tc) 
bound to human serum albumin. The studies were made 1 to 
24 hours before cardiac catheterization in all patients in 
Groups II and III and in the 10 patients in Group I who were 
catheterized. The data were collected using a mobile single 
crystal scintillation camera equipped with a general purpose 
parallel hole collimator and stored on digital videotape. The 
data were then transferred to a General Electric Med II 
Computer System and processed using a previously described 
method.? In brief, a light pen assigned region-of-interest 
surrounding the left ventricle is used to monitor counts at 0.04 
second intervals during the transit of the radioactive bolus 
dose through the chamber. Background correction is made 
and a plot is produced showing the changes in count rate 
during approximately 10 to 15 heartbeats. 

Ejection fraction: The high frequency curve is charac- 
terized by cyclic alterations in count rate between end-diastole 
(high points) and end-systole (subsequent low points) from 
which ejection fraction may be calculated by the formula 
Ejection fraction = (End-diastolic counts — End-systolic 
counts)/End-diastolic counts. 

After each left ventricular high frequency time-activity 
curve was printed (Fig. 1), selected portions of the downward 
slopes of the curve were identified for beat by beat analysis. 
Three to six beats were then analyzed. End-diastole was 
chosen as the data point with the highest number of counts 
just before ejection. End-systole was taken as the data point 
with the smallest number of counts. Beats were excluded when 
the end-diastolic or end-systolic data were not clearly ap- 
parent, when the atrial wave was not visualized or when one 
definite single peak was not clearly identified. This usually 
led to the elimination of approximately one out of every five 
beats. The distance between these two points was defined as 
the left ventricular ejection time, and was further divided into 
thirds (Fig. 2). 

The ejection fraction during the first one third of systole 
was calculated using a manual method and the following 
formula: (End-diastolic counts — Counts at 1/3 of systole)- 
/End-diastolic counts. In each patient heart rate and systolic 
blood pressure were measured and compared. The total ra- 
dionuclide ejection fraction was also calculated using the 
computer program mentioned previously.? Statistical evalu- 
ation of the ejection fraction with this method has previously 
been discussed.’ A root-mean square curve smoothing tech- 
nique is utilized to minimize the ejection fraction variability. 
Five to 10 beats are utilized and the variation around an 
ejection fraction of 0.50 is + 0.02 ejection fraction units. The 
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variability is due to the statistical error around the end-sys- 
tolic and end-diastolic data points, which range from 80 to 150 
counts/frame. Calculation of the first-third ejection fraction 
utilizes a manual method. The raw data curves undergo a 5 
point curve smoothing, and then 7 to 10 beats are plotted. 
Only beats on the downslope of the left ventricular time-ac- 
tivity curve are utilized, thus eliminating the recirculation 
data. The statistical variation with this manual calculation 
is higher than that utilizing a root mean square method. 

The error in this method can be approximated by assuming 
the randomness of counts and employing the “law of propo- 
gation of error."!? The standard error (SE) for one heartbeat 
is: 
(Cso + B) , Cs? (Cpe + B)|1!2 

Cp? Cp? l 

where Cs = gross systolic counts (at first third of systole); 
Cpg = gross diastolic counts; Cg = background corrected 
counts at the first third of systole; and Cp = back-ground 
corrected end-diastolic counts. Because three to six beats were 
used in the calculation the resultant standard error is: 


SE = 


where SE (n) is the error using N number of heartbeats. The 
Cp counts ranged from 80 to 140 and the Cac from 40 to 80, 
with the background assumed to be 10 counts. For normal 
subjects, in whom the first-third ejection fraction is 0.25 or 
more, the mean statistical variation is just under 0.05 ejection 
fraction units using three to six beats. For patients with a 
first-third ejection fraction of 0.25 or less the mean statistical 
variation is approximately 0.058 ejection fraction units. 
Contrast ventriculography: Each biplane contrast ven- 
triculogram was used to calculate total ejection fraction and 
ejection fraction during the first third of systole. The end- 
diastolic frame was chosen as either: (1) the frame before 
visualized expulsion of blood into the aorta; (2) the frame 
before inward motion of the ventricular walls; or (3) the frame 
corresponding to 0.04 second after the peak of the QRS com- 
plex on a simultaneous pulse counter. End-systole was chosen 
as the smallest silhouette determined with planimetry. The 
total number of frames was counted and the volume at com- 
pletion of the first third of systole was then determined. 
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FIGURE 2. A selected beat from a time activity curve in two subjects. 
Note the delayed ejection in the patient with coronary artery disease 
(right). ED = end-diastole; EF = ejection fraction; ES = end-systole; 
ET = ejection time; 1/3 ET = first third of ejection time. 
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Premature or postpremature beats were omitted and at least 
two beats were averaged. All patients had normal sinus 
rhythm at the time of both the radionuclide and the contrast 
ventriculographic studies. 

Statistical analysis and reproducibility: Statistical 
comparisons among the three patient groups were carried out 
using a repeated measures analysis of variance method.!! 
Reproducibility was studied by comparison of the results of 
recalculation of the same data in 15 cases by the same observer 
3 months apart. The interobserver variation was assessed by 
having a second observer perform these 15 studies without 
knowledge of the results of the first observer. Ten patients had 
repeat studies performed 7 days apart to assess reproducibility 
over time. Additionally we analyzed the beat to beat variation 
in each of the 385 beats evaluated. 


Results 


Hemodynamic data: Subjects in Group I (normal) 
and Group II (coronary disease) all had a normal total 
ejection fraction (0.52 or greater) on first pass radio- 
nuclide angiography, and their mean values were not 
significantly different from each other (0.62 + 0.04 
[standard deviation] versus 0.59 + 0.05) (Table I and 
Fig. 3). Values in Group III (coronary disease with ab- 
normal ventriculograms) were significantly lower than 
in the other groups (0.34 + 0.09, P « 0.01) (Table I). 


TABLE ! 
Ejection Fraction and First One Third Ejection Fraction in 
Each Patient Group 


Case Group | Group Il Group III 
no. EF 1/3 EF EF 1/3 EF EF 1/3 EF 


0.61 0.28 0.47 0.19 0.30 0.15 
0.74 0.35 0.62 0.17 0.43 0.19 
0.68 0.26 0.52 0.23 0.44 0.16 
0.60 0.29 0.57 0.16 0.47 0.19 
0.65 0.25 0.54 0.14 0.46 0.17 
0.54 0.36 0.55 0.18 0.24 0.09 
0.65 0.25 0.57 0.17 0.40 0.19 
0.53 0.31 0.58 0.22 0.37 0.15 
0.71 0.25 0.54 0.19 0.37 0.06 
10 0.52 0.25 0.53 0.19 0.21 0.04 
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11 0.65 0.26 0.55 0.17 0.23 0.12 
12 0.59 0.29 0.71 0.17 0.26 0.09 
13 0.66 0.33 0.58 0.22 0.19 0.07 
14 0.71 0.36 0.76 0.27 0.22 0.10 
15 0.55 0.33 0.65 0.19 0.17 0.07 
16 0.58 0.25 0.53 0.14 0.30 0.12 
17 0.66 0.31 0.60 0.24 0.38 0.15 
18 0.78 0.29 0.58 0.14 
19 0.54 0.25 0.62 0.17 
20 0.55 0.29 0.64 0.21 
21 0.63 0.34 0.71 0.29 
22 0.60 0.31 0.53 0.17 
23 0.66 0.30 0.57 0.14 
24 0.71 0.28 0.58 0.19 
25 0.58 0.27 0.60 0.14 
26 0.54 0.26 0.68 0.15 
27 0.63 0.26 0.52 0.10 
28 0.54 0.29 0.64 0.12 
29 0.79 0.31 0.53 0.10 
30 0.81 0.30 0.56 0.11 
31 0.79 0.29 0.67 0.13 
32 0.50 0.32 
Mean 0.62 0.29 0.59 0.18 0.34 0.13 
SD 0.04 0.04 0.05 0.04 0.09 0.04 


EF = ejection fraction; Group | = normal subjects; Group Il = patients 
with coronary artery disease and a normal ejection fraction; Group III 
— patients with coronary artery disease and a depressed ejection 
fraction; SD — standard deviation. 


hei 


All patients in Group I who underwent angiography 
had a left ventricular end-diastolic pressure of 12 mm 
Hg or less (mean 7 + 3 mm Hg). Twenty-six of 32 pa- 
tients in Group II had a left ventricular end-diastolic 
pressure of less than 12 mm Hg (mean 9.1 + 2.4 mm Hg) 
(difference from values in Group I not significant). 
Fourteen of 17 patients in Group III had a left ventric- 
ular end-diastolic pressure more than 12 mm Hg (mean 
18.2 + 6.1) (P < 0.05 versus Groups I and II). 

Patients in Groups II and III had a lower mean ra- 
dionuclide first-third ejection fraction (0.18 + 0.04 and 
0.13 + 0.04, respectively) than the value in Group I (0.29 
+ 0.04) (both P « 0.01). The mean value in Group II was 
significantly different (P « 0.05) from that in Group III 
(Table I). The lower limit of normal for first-third 
ejection fraction, as established by the values in Group 
I, was chosen as 0.25. This value was exceeded in only 
two patients in Group II and in no patient in Group III. 
All data were compared using analysis of variance.!! 
Additionally, all normal persons who underwent con- 
trast ventriculography had a first-third ejection fraction 
by this method of 0.28 or greater, and 45 of 48 patients 
in Groups II and III had an early ejection fraction of 0.28 
or less, thus confirming the radionuclide results. 

Correlation with contrast ventriculography: In 
the 58 patients with angiographic data the correlation 
between the two methods for total ejection fraction was 
0.95; for first-third ejection fraction it was 0.91 (Fig. 4 
and 5). As reported in previous studies,? the angio- 
graphic ejection fraction tended to be slightly higher 
than the radionuclide ejection fraction. The average 
difference between the two techniques was 0.05 for the 
total ejection fraction and 0.06 for the first-third ejec- 
tion fraction (1/3 EF). 

Utility of the method: To determine the usefulness 
of assessing left ventricular function during early systole 


GROUP I 


GROUP GROUP IM 


FIRST 1/3 EJECTION FRACTION 
RADIONUCLIDE ANGIOGRAPHY 





NORMAL CORONARY PATIENTS CORONARY PATIENTS 
SUBJECTS WITH NORMAL WITH DEPRESSED 
EJECTION FRACTION EJECTION FRACTION 


EF = 62+ 04 EF = 59+ .06 EF = .34 1 .09 


FIGURE 3. First-third ejection fraction plotted for each patient in the 
three groups. EF = total ejection fraction (normal 0.52). See Table | for 
individual results. 
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with radionuclide angiography, the following standard 
calculations!” were also made: 


1. Specificity 


Number of normal subjects 
_ with normal 1/3 EF (2 0.25) 


Total number of normal subjects 


— 32/32 or 100 percent. 
2. Sensitivity 


Number of patients with coronary 
A disease and reduced 1/3 EF (<0.25) 


Total number of patients with coronary disease 


= 46/48 or 96 percent. 


In Group II, the specificity was 94 percent (29 of 31). 
One patient with a one third ejection fraction of 0.27 had 
severe three vessel coronary artery disease, but he also 
had a hypercontractile left ventricle and an ejection 
fraction of 0.85 on contrast ventriculography. The other 
patient with a normal first-third ejection fraction (0.29) 
had a single 70 percent stenotic lesion of the left anterior 
descending coronary artery. 


3. Predictive accuracy 


* True positives (coronary disease and 1/3 EF « 0.25) 
All positives 
= 46/46 = 100 percent. 


There were 2 false negatives (2/48 or 4 percent) and no 
false positives. 

Reproducibility of method: For first-third ejection 
fraction, the intraobserver variation was small, with a 
mean difference of 0.017 ejection fraction unit (range 
0 to 0.04) when 15 randomly selected studies were 
evaluated 2 months later using the same previously re- 
corded raw data. A second observer performed the 
first-third ejection fraction calculations without 
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FIGURE 4. Comparison of contrast and radionuclide first-third ejection 
fraction in 58 subjects. n = number of subjects; r = correlation coef- 


ficient. 


TABLE Il 
Heart Rate and Blood Pressure in the Three Patient Groups 
Systolic 
Heart Blood First Pass First-Third 
Rate Pressure Ejection Ejection 
Group (beats/min) (mm Hg) Fraction Fraction 
| 68 +9 116 + 13 0.62 + 0.04 0.29+0.04 
I 7048 118 + 14 0.59 + 0.05 0.18 + 0.04 
Il 71.11 121 441 0.34 + 0.09 0.13+0.04 


All values are expressed as mean + standard deviation. 


knowledge of the results of the first observer. Interob- 
server variation was modest with a mean difference of 
0.023 ejection fraction unit (range 0 to 0.05). 

Ten patients were studied twice, 7 days apart. The 
mean difference was 0.03 ejection fraction unit (range 
0 to 0.05). Mean beat to beat variation was 0.03 + 0.025 
ejection fraction unit (range 0 — 0.10) in 385 studies. 
The greatest errors were seen in the patients with a very 
low (less than 0.10) first-third ejection fraction. 

Vital signs: There was no significant difference (as 
assessed with analysis of variance) among Groups I, II 
and III with respect to heart rate or blood pressure 
(Table II). 


Discussion 


Rushmer?? suggested in the mid 1960s that evaluation 
of the early phase of the ventricular impulse might 
prove fruitful in assessing subtle abnormalities of left 
ventricular function. Gault et al.!^ showed that peak 
depression in instantaneous velocity of circumferential 
fiber shortening (Vcf) occurred early in systole, at a time 
when peak wall stress was recorded. Some investiga- 
tors!?6 used peak aortic flow and ventricular acceler- 
ation to assess left ventricular performance in dogs, 
whereas others? suggested that assessment of the early 
phases of left ventricular ejection may yield information 
not available when only end-systolic data are compared 
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FIGURE 5. Comparison of contrast and radionuclide ejection fraction 
in 58 subjects. Abbreviations as in Figure 4. 
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with end-diastolic measurements. By contrast, Ham- 
mermeister et al.!? were unable to differentiate normal 
from abnormal patients when the rate of change of left 
ventricular volume was analyzed. However, peak flows 
during differing phases of ejection were not analyzed. 

Depressed first-third ejection fraction as an 
index of impaired left ventricular function: In this 
‘study we used first-pass radionuclide angiography to 
test the hypothesis that patients with coronary artery 
disease exhibit impairment of early ventricular ejection. 
In this study, 46 of 48 patients (96 percent) with coro- 
nary artery disease had a depressed ejection fraction 
during the first-third of systole, although 31 had a 
normal total ejection fraction on both contrast and ra- 
dionuclide angiography. We were unable to define an 
abnormality in left ventricular function at rest in only 
two patients; one patient was somewhat atypical in that 
he had a “hypercontractile” left ventricle and the second 
patient had only single vessel coronary disease. Our data 
also suggest that the sensitivity, specificity and pre- 
dictive accuracy of this approach support its utility in 
assessing left ventricular function in patients with 
known or suspected coronary artery disease, although 
this group of patients was selected for the presence or 
absence of coronary artery disease. We have found that 
this abnormality of ventricular ejection also occurs in 
other diseases, such as aortic stenosis,!? and Johnson 
et al.’ also found dysfunction in patients with cardio- 
myopathy. Clearly sensitivity, specificity and predictive 
accuracy will depend on patient selection. The corre- 
lation between angiographic and radionuclide tech- 
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FIGURE 6. The sensitivity of the ejection fraction and first-third ejection 
fraction compared with the percent of false positive studies at several 
threshold levels of normal. A false positive fraction is defined as: 
Number of false positives/Number of actually negative cases or 1— 
specificity. Note that by lowering the cutoff point for a normal first-third 
ejection fraction to 0.20 the sensitivity level falls to 85 percent, although 
the false positive fraction remains unchanged. 
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niques was excellent and the inter- and intraobserver 
variations appear to be modest. Reproducibility over 
time was also reasonably good. Many patients with a 
depressed ejection fraction had a similar (although 
depressed) first-third ejection fraction when compared 
with patients with a normal resting ejection fraction. 
This may limit the utility of the method in comparing 
patient groups. 

Cause of depressed early ejection fraction: The 
exact basis for this observed abnormality is unclear. One 
possibility is that patients with coronary artery disease 
may have decreased aortic compliance, which could 
reduce the amount of blood ejected early in systole.!9.20 
Additionally, it has been shown that areas of abnormal 
contraction have increased amounts of fibrosis,?! which 
may lead to contractile abnormalities as a result of de- 
creased developed wall force. Focal conduction abnor- 
malities or chronically depressed blood flow might 
contribute to these contraction abnormalities, although 
this would seem less likely. 

Potential limitations of method: It appears that 
early ejection is a useful period to study, and based on 
our preliminary observations can often distinguish 
normal patients from patients with cardiac disease 
without utilizing an exercise stress.?4 The method is 
simple to perform, nontraumatic and reproducible. The 
major pitfalls in utilizing this method would include 
studying patients with such severely depressed left 
ventricular function that end-diastole cannot be con- 
fidently determined or patients with a regurgitant mi- 
tral valve in whom a low impedance leak might occur. 
Some problems may be due to the higher statistical 
error around lower ejection fractions, and difficulty with 
defining the end-diastolic point. Additional theoretical 
limitations include statistical problems due to dif- 
ficulties with the accuracy of the counts at the end- 
diastolic and end-systolic data points, and the occa- 
sional patients with curves that are too noisy for legiti- 
mate analysis. Clearly, with larger patient populations 
and a greater splay in the normal population, the sen- 
sitivity, specificity and predictive accuracy will change 
(and probably decrease). Part of this may be resolvable 
with computer analysis, higher count rate acquisition 
and shorter frame time. 

The theoretical limitations of this first pass method 
are based on the statistical variability of the results and 
the patient populations selected. Figure 6 depicts a 
curve that compares the sensitivity of a test with the 
fraction of false positive tests that results when a variety 
of thresholds are compared. In this graph one can see 
that the sensitivity of the first-third ejection for coro- 
nary disease in this population is well over 80 percent 
at a strict threshold for normal of 0.20 or greater; at this 
threshold few false positives occur. With lower normal 
ranges, sensitivity decreases and with more moderate 
or lax thresholds, the sensitivity increases but the pro- 
portion of false positive studies increases.?? 'The con- 
ventional ejection fraction has a high sensitivity for 
coronary disease only when a high false positive fraction 
is accepted. Thus, in general, future analysis of early 
systolic ejection by this method has significant potential 
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variability in sensitivity depending on the threshold 
accepted as normal. If one excludes the patients with 
a depressed conventional ejection fraction, the sensi- 
tivity at a threshold of 0.20 decreases to approximately 
75 percent. Similar analysis with gated equilibrium 
radionuclide angiography using composite time-activity 
curves in our laboratory has not been fruitful. Correla- 
tion of first-third equilibrium and contrast angiographic 
ejection has been poor (r = 0.65 or less) resulting, as 
would be expected, in much less patient separation (23). 
Thus, noninvasive analysis is restricted to first pass 
methods in our laboratory. | 
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Clinical implication: First-third ejection fraction 
obtained with first pass radionuclide angiography is an 
important new observation that permits identification 
of subtle abnormalities of left ventricular function at 
rest in patients with coronary artery disease that may 
not be recognized by analysis of total ejection fraction 
alone. At present caution must be observed; it will be 
important for other studies to be performed to confirm 
these observations and validate their reproducibility 
before the measurement can become an integral part of 
the clinical evaluation of the patient with a chest pain 
syndrome. 
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A simple method is proposed for measuring right or left ventricular systolic 
pressure based on analysis of the right or left ventricular time-activity 
curve, obtained with a scintillation camera or cardiac probe after intra- 
venous injection of technetium-99m albumin or red blood cells. The 
method is based on three principles: (1) intraventricular pressure equals 
force per area of the aortic opening; (2) force equals mass (of blood) times 
its acceleration; and (3) acceleration can be derived from the ventricular 
volume curve. The following differential equation was derived 


OP) _ p jdad'a 
x A? dt dt? 

where (OP/ot), is the first derivative of left ventricular pressure; p is the 
density of blood; A is the area of the aortic opening’; o is the ratio of blood 
volume to radioactivity (a) measured within the ventricle, da/dt is the first 
derivative (velocity) of the activity (a) within the ventricle and d?a/dt? 
is the second derivative (acceleration). The integration of this equation 
is readily accomplished, and the integrated curve reflects the pressure 
changes. Absolute calibration in millimeters of mercury requires knowl- 
edge of the end-diastolic volume and the area of the aortic opening. It is 
assumed that the area of aortic opening is relatively constant, that blood 
flow is laminar and that the pressure pulse travels with the velocity of blood 
through the aortic opening. In validation studies in dogs, calculated and 
observed ventricular pressure curves were nearly identical in shape and 
absolute value. In patients, although an absolute pressure measurement 
still awaits an accurate method for calculation of left ventricular end- 
diastolic volume, differences in the shape and amplitude of the curves 
were found. The procedure can be performed easily, and the calculation 
can be made within minutes. With further validation, the method may 
provide noninvasively a pressure and volume relation that is valuable in 
characterizing the function of the heart as a pump, both at rest and during 
graded exercise. 


oth. A? 


Direct assessment of left ventricular pressure requires cardiac cathe- 
terization, thereby limiting to some degree its applicability in clinical 
medicine. Volume changes within the ventricle during the cardiac cycle 
can be monitored with radioactive tracers without requiring cardiac 
catheterization. A variety of techniques have been devised to convert 
radionuclide activity or ventricular dimensions, or both, into volumes, 
thus yielding a left ventricular volume curve. This report describes the 
theoretical basis and initial studies demonstrating the feasibility of using 
the left ventricular volume curve to derive the intraventricular pressure 
curve. Knowledge of pressure and volume changes makes it possible to 
construct a pressure-volume loop and to analyze ventricle performance 
in terms of power. | 


Methods 


Studies in Dogs 


Experiments were carried out in five dogs in which we examined the relation 
between the left ventricular time-activity curve and the changes in aortic root 


* In the derivation of right ventricular pressure, this is the area of the pulmonary valve 
opening. 
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pressure as measured with a catheter. One dog was used as an 
isolated heart-lung preparation. Four dogs had a mid line 
thoracotomy with or without (one dog) right ventricular by- 
pass. In the dogs with right ventricular bypass, venous return 
into the pulmonary artery was controlled and measured. 

A pressure transducer (Millar or polyethylene catheter) 
was placed in the aortic roót as close as possible to the aortic 
valve plane; a flownieter (Biotronics flow probe) was placed 
around the ascending aorta. Aortic pressure was also recorded 
simultaneously with the aortic flow and electrocardiogram on 
an oscilloscope (oscillographic recorder, Electronics for 
Medicine) and chart recorder. 

Radionuclide left ventricular time-activity curve: Each 
dog received 15 millicuries (mCi) of technetium-99m human 
serum albumin 10 minutes before the measurements. A beat 
to beat left ventricular time-activity curve was generated by 
a cardiac probe (Nuclear Stethoscope™, model 3000, Bios Inc). 
This device consists of a 5.08 cm thallium-activated sodium 
iodide crystal with a converging collimator. The count rate 
changes of the activity within the field of view of the detector 
are displayed on a video screen with a temporal resolution of 
50 msec. The detector was placed as close as possible to the 
left ventricle in order to observe the maximal end-diastolic 
count rate and the greatest stroke activity. Background counts 
were obtained by moving the probe laterally until stroke 
volume just became 0. Connecting the cardiac probe to the 
oscilloscope permitted simultaneous display of the aortic 
pressure, time activity curve, aortic flow and electrocardio- 
gram. 

In the appropriate operational mode, the cardiac probe can 
integrate the activity changes associated with the cardiac cycle 
over a preset time and generate a high temporal resolution (10 
msec) time-activity curve. Because this mode depends on 
electrocardiographic gating, regular R-R intervals are neces- 
sary. In the case of varying R-R intervals, beat to beat moni- 
toring was used. Ejection fraction was measured as the ratio 
of the stroke counts to the end-diastolic counts. 

Calibration of the time-activity curve was obtained by 
calculating the left ventricular end-diastolic volume (EDV) 
from the ejection fraction (EF) and the stroke volume (SV), 
according to the equation EDV = SV/EF. The stroke volume 
was obtained from the measured pulmonary arterial flow and 
pulse rate, as well as by integration of the aortic flow 
tracing. 

' At the end of the experiment, the dog was killed and the 
cross-sectional area of the aortic opening was measured di- 
rectly. The derivation of the pressure is described in the Ap- 
pendix. 


Studies in Patients 


Left ventricular time-activity curve: Each patient was 
given an injection of 25 mCi of technetium-99m albumin or 
red blood cells. After equilibration of the tracer in the vascular 
space, images synchronized with the patient's electrocardio- 
gram were obtained with the cardjac cycle divided into 64 
intervals. The patient lay in a 40 to 50? left anterior oblique 
position beneath a scintillation camera fitted with a high 
resolution, low-energy parallel hole collimator. The details of 
the procedure have been described previously.'. The left 
ventricular area of interest was selected by matching isocon- 
tour lines to the left ventricle. Contour lines corresponding 
to 5 percent increments in activity were first examined; then 
1 percent increments were used in the final matching proce- 
dure. Background was selected immediately lateral to the left 
ventricle, but not including the pulmonary artery or the left 
ventricle. Net count rates over the left ventricle and the 
background area were calculated automatically. The average 
background activity was subtracted from the left ventricular 
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activity, yielding the net left ventricular time-activity curve, 
which describes the changes of radioactivity (a) within the left 
ventricle in relation to the cardiac cycle. 

Left ventricular pressure curve: The first derivative 
(da/dt) of the time-activity curve portrays the contour of the 
velocity of the ejected blood. The second derivative (d2a/dt?) 
of the time-activity curve portrays the contour of the accel- 
eration of the ejected blood. The changes in systolic pressure 
with time were obtained by multiplication of the velocity and 
acceleration curves and integration, as derived in the Ap- 
pendix. 

Measurement of end-diastolic volume: End-diastolic 
volume (EDV) was measured by planimetry of life-sized im- 
ages, assuming the left ventricular shape to be a prolate el- 
lipsoid of revolution,? the volume of which is given by the 
equation: 


where S is the area determined with planimetry and Lm is the 
long axis of the ventricle in the left anterior oblique view. 
Measurement of area of the aortic opening: The area 
of the aortic opening A was approximated from anthropo- 
metric data,? and is based on age and body surface area. 


Results 
Dogs (Fig. 1 to 4) 


Figure 1 shows the relations among the time-activity 
curve, the electrocardiogram, aortic flow and observed 
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FIGURE 1. Relations among left ventricular (LV) and aortic volume and 
pressure recordings in a dog. ECG — electrocardiogram. 
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FIGURE 2. Characteristic left ventricular (LV) volume and aortic pres- 
sure Curves observed in a dog. 


aortic pressure in a dog. When a premature ventricular 
contraction occurred with no change in the aortic 
pressure, no decrease of the left ventricular volume was 
observed in the time-activity curve. | 

Figure 2 shows a characteristic left ventricula 
time-activity curve for one beat and the corresponding 
observed aortic pressure tracing. 

Figure 3 shows the correlation between stroke volume 
measured by planimetry from the aortic flow tracing 
and stroke activity measured on the time-activity 
curve. 

Figure 4 shows the pressure curve calculated from an 
integrated (30 seconds) time-activity curve, superim- 
posed on one of the observed pressure curves obtained 
simultaneously. 


Patients (Fig. 5 to 7) 


Figure 5 illustrates the derived pressure results in a 
normal 49 year old man. His systemic arterial pressure 
at rest averaged 120/70 mm Hg, and the pulse rate was 
60/min. Curve 6 portrays the left intraventricular 
pressure calculated by integration of equation 5. The 
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FIGURE 4. Calculated (open circles) left ventricular pressure curve 
obtained from the left ventricular volume curve, compared with the 
observed (solid-curve) pressure curve in a dog. 
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FIGURE 3. Correlation between stroke volumes (SV) measured with 
the cardiac probe (Nuclear Stethoscope) and flow probe in a dog. r = 
correlation coefficient. 
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FIGURE 5. Calculation of left ventricular pressure curve from the left 
ventricular volume curve in a normal patient. (1), left ventricular (LV) 
curve and background obtained by a camera computer system; (2), left 
ventricular time-activity curve after background subtraction; (3), first 
derivative of the left ventricular time-activity curve; (4), second deriv- 
ative of the left ventricular time-activity curve; (5), multiplication of the 
first and second derivatives of the left ventricular time-activity curve; 
(6), integration of the velocity times acceleration curve portrays the 
calculated left ventricular pressure curve. 
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FIGURE 6. Calculated pressure curves obtained in the supine and up- 
right positions in a patient with orthostatic hypotension. 


end-diastolic pressure of the aorta (70 mm Hg) is the 
constant of integration. 

Figure 6 shows the results obtained in a patient with 
orthostatic hypotension, first during supine rest and 
then in the standing posture. His systemic arterial 
pressure at rest was elevated (average 150/115 mm Hg) 
because he was receiving a sodium-retaining steroid 
hormone. When he stood, his pressure decreased to an 
average of 115/80 mm Hg. His pulse rate increased from 
83 to 105/min. His calculated left intraventricular 
pressure curves are illustrated in Figure 6. 

We have also derived pressure tracings in patients 
with ventricular dysfunction of various types (Fig. 7). 
'The calculated pressure curves in these patients varied 
in shape. 


Discussion 


This preliminary report describes how the time-ac- 
tivity curve that portrays the changes in volume within 
the left ventricle during the cardiac cycle can provide 
the basic data from which the pressure changes within 
the left ventricle throughout systole can be derived. The 
method is based on three principles: (1) intraventric- 
ular pressure equals force per area of the aortic opening; 
(2) force equals mass (of blood) times its acceleration 
(Newton's second law); (3) acceleration can be derived 
from the left ventricular volume curve. 

There are several important assumptions: 'The aortic 
opening is regarded as a relatively constant area, with 
little expansion during systole*5; blood flow through the 
aortic opening is regarded as laminar because its di- 
ameter is about 2 cm, and velocity never reaches the 
point that would yield turbulence.5 We have also as- 
sumed that at the aortic opening the blood has the same 
linear velocity regardless of its radial position from the 
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FIGURE 7. Calculated pressure tracings obtained from patients with 
various types of ventricular dysfunction. a, a 9 year old boy with aortic 
valve replacement; b, a 68 year old woman with prior myocardial in- 
farction and suspected left ventricular aneurysm; c, a 50 year old 
woman with angina; d, a 43 year old man with aortic regurgitation. 


center of the aortic ring.’ We assume that each element 
of blood moves in a straight line, parallel to the axis of 
the vessel, and that the pressure is uniform across the 
vessel. The pressure pulse wave is regarded as a longi- 
tudinal wave parallel to the axis of the infundibuloaortic 
region, traveling through the aortic opening without 
distortion and with the velocity of blood. 


Calculated and observed pressure curves: À good 
correlation was obtained between stroke volume mea- 
sured with planimetry from the aortic flow tracing and 
stroke activity calculated from the time-activity curve. 
Therefore it was possible to obtain an absolute pressure 
curve. Preliminary data in dogs show that the calculated 
and observed left ventricular pressure curves were 
nearly identical in shape and absolute value. 


Clinical applications: Preliminary data in patients 
indicate that the procedure can be performed easily. 
'The results obtained are reasonable, although the single 
left anterior oblique view does not permit accurate 
measurement of end-diastolic volume. A more precise 
absolute pressure calculation with radioactive tracers 
requires a more accurate measurement of the left ven- 
tricular end-diastolic volume. Several methods under 
study seem promising and may allow comparison of 
calculated and observed pressure curves using simul- 
taneous catheterization and radionuclide angiocardi- 
ography. 

Our results indicate that pressure curves can be ob- 
tained and that they provide semiquantitative estima- 
tion of hemodynamic changes within the left ventricle. 
In normal patients calculated pressure tracings were 
usually symmetric; double peak calculated pressure was 
obtained in certain patients with left ventricular dys- 
function. 
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FIGURE 8. The aortic opening during the ejection period. F(X) = force 
at point X; F(X + AX) = force at point X + AX; LV = left ventricle; P(X) 
= pressure at point X; P(X + AX) = pressure at point X + AX. 


'The method can be applied to the right ventricle, for 
which noninvasive pressure data are not available and 
are of great clinical importance. Measurement of ven- 
tricular power relates pressure, volume and time, and 
is a useful method for evaluating ventricular function 
on the basis of pump performance.” It may prove pos- 
sible to obtain this measurement by multiplying in- 
stantaneous systolic pressure and blood velocity. 
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APPENDIX 


Theory for Calculation of Pressure From the Volume 
Tracing 


Pressure-force acceleration relations: Pressure P is the 
ratio of a force F to area A, P = F/A. According to Newton’s 
second law, the net force F on a body is the product of the mass 
M of the body times its acceleration y, F = My. Consequently, 
P = Mw/A. 

The pressure generated by the left ventricle accelerates a 
mass M of blood through the aortic ring, an area A fixed by 
a fibrous, undistensible band. We assume that the area of this 
opening A does not change significantly during the ejection 
period of the cardiac cycle.*5 

Consider an element of blood with a mass Am between 
points x and x + Ax (Fig. 8). The force applied by the ventricle 
to this element of blood at time t is F(x,t); the pressure at time 
t is P(x,t) which equals F(x,t)/A. The force applied by the 
aorta at point x + Ax is F(x + Ax,t); the pressure at this point 
is P(x + Ax,t) which equals F(x + Ax,t)/A. Thus, the net 
force applied on the element of blood is F(x,t) — F(x + Ax,t), 
and the net pressure is P(x,t) — P(x + Ax,t) = F(x,t) — F(x 
+ Ax,t)/A. 

According to Newton's second law, the net force applied on 
this element of blood between x and x + Ax, of mass Am, 
produces an acceleration, y, of this element, according to this 
equation: 


F(x,t) — F(x + Ax,t) = Am-y 
Therefore, 
P(x,t) — P(x + Ax,t) = Am-y/A (1) 


PRESSURE (mm Hg) 





FIGURE 9. The left ventricular pressure (LVP) and the aortic pressure 
(AP) tracings. Integration of equation 5 yields the curve between the 
two arrows, plus the constant (aortic diastolic pressure). 


Thus, if we can measure acceleration, Am. and A, in theory 
we should be able to measure pressure. 

Measurement of the mass, Am: The volume AQ, included 
between x and x + Ax, is given by AQ = AAx. The density of 
blood is p, Am = pAQ. Consequently Am = pAAx. _ 

Assume that blood is ejected from the left ventricle with a 
velocity w and moves through the opening of Ax during the 
time At; then Ax = wAt and Am = pAwAt. Blood flow 
through the aortic opening is Q = Aw and is related to the 
diminution of the left ventricle volume, V, by Q = — dV/dt. 
Therefore, 

dV 
Am ier At. (2) 

Measurement of the acceleration, a: The acceleration 
of the element of blood of mass Am through the aortic opening 
equals y, during the ejection time At. Acceleration is the first 
derivative of velocity w, according to the equation y = dw/ 
dt. 

Because w = Q/A and Q = —dV/dt, consequently, 


te ee and r= - 4 5 fav) 
A dt’ dt Adt\dt]} 
Therefore, 
1 d?V 
Y= Ad x 


Relation between P(x,t) and P(x + Ax,t): We assume 
that the pressure pulse created within the left ventricle does 
not change shape significantly as it moves from x to x + Ax. 
Although arteries, being elastic, result in pressure pulse waves 
traveling through arteries faster than the mass of blood, the 
pressure pulse wave travels through the aortic ring with the 
blood mass velocity w because the ring is relatively in- 
elastic. 

Therefore, if P(x,t) is the pressure at x at time t, pressure 
at x + Ax at the same time £ is equal to the pressure at x at 
time t — At. Therefore, 


P(x + Ax,t) = P(x,t — At) (4) 


Calculation of pressure: From equations (1) and (4), we 
can state: 
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P(x,t) - P(x,t - At) = = 


Substituting Am and y values given by equations (2) and 
(3) 
2 
dV a, | 1d d 1 


P(x,t) - P(x,t - At) = -p 7 Minn ds 
z Jum REV CV 
P(x,t) - P(x,t — At) Aa ae dn A 
Pix.) - Pit — t). p dV d?V. 
At A? dt dt? 


Because we can choose Ax and At to be infinitesimally 
small, we can write the first time partial derivative of the 
pressure P at x as (0P/0t),. Therefore, 


Bn cvm 
ot]x XA? dt dt? 

This equation gives the first time derivative of the pressure 
at x, using the first derivative and the second derivative of the 


left ventricular time-volume curve. Pressure at x is obtained 
by integration of the equation over the ejection period. 


P(x) = f E dt 


Integration introduces a constant, determined as follows: 
the pressure in the left ventricle at the beginning of the ejec- 
tion period is equal to the diastolic pressure in the aorta. This 
may be approximated from the diastolic pressure in the bra- 
chial artery (Fig. 9).? The constant of integration is this 


(5) 
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pressure. Integration yields the curve between the two arrows, 
plus the constant (end-diastolic pressure). 

Absolute quantification of pressure: Equation 5 de- 
scribes derivatives of the time-volume curve of the left ven- 
tricle. The radionuclide procedure produces a time-activity 
curve instead of a time-volume curve. For absolute quantifi- 
cation of the left ventricle volume, we use the equation, V = 
aa, where (a) is the activity of the left ventricle and a is a 
constant. 


= a— and— 7 =a-, 


dut- at ae dt 
Then equation 5 becomes: 


o ar i (6) 


where (OP/dt) is the first derivative of left ventricular pres- 
sure; p is the density of blood; A is the area of the aortic 
opening; « is the ratio of blood volume to radioactivity (a) 
measured within the ventricle; da/dt is the first derivative 
(velocity) of the activity (a) within the ventricle: and d?a/dt? 
is the second derivative. 

Measurement of absolute pressure in mm Hg: Because 
1 mm Hg equals 1,335-16 g/cm sec, and density of blood equals 
1.054 g/cm?, equation 5 becomes: 


E i 1.054 a? da da 
—| inmmHg'--———————5-— 
Ot ]x 
a? da d?a 


= 7.89 10-4 — — —. 
A? dt dt? 
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Interatrial septal motion was analyzed in 12 normal subjects and 19 pa- 
tients with right or left atrial overloading using a new method for recording 
echograms of the mid portion of the interatrial septum through each 
cardiac cycle. In normal subjects, septal motion was characterized by 
eight distinct points that were identified and designated on the septal 
echogram. The septum showed gradual anterior motion (toward the right 
atrium) in mid and end systole and in early diastole. After reaching the 
most anterior point, it moved posteriorly (toward the left atrium). During 
mid diastole it showed very little motion. After the P wave of electrocar- 
diogram it showed slight posterior and then anterior motion. 

In all eight patients with mitral stenosis, the motion of the interatrial 
septum was diminished. In all seven patients with mitral regurgitation due 
to chordal rupture, the septal motion was increased. Systolic fluttering 
of the septum was observed in four of seven patients. In two patients with 
Ebstein's anomaly, paradoxical motion of the interatrial septum (posterior 
motion in systole) was observed. In two patients with primary pulmonary 
hypertension, septal motion was very much decreased. Interatrial septal 
motion was thought to result from the interatrial pressure gradient through 
each cardiac cycle. This method of recording the motion of the interatrial 
septum seems to be useful for diagnosing right or left atrial overloading 
and for studying hemodynamic events in both atria. 


Advances in echocardiography have made it possible to examine various 
parts of the heart and their motion noninvasively as well as precisely. 
However, there have been few echocardiographic studies of interatrial 
septal motion.!-? In 1969, Gramiak et al.? detected the interatrial septum 
by placing the transducer to the right of the sternum. The septum pro- 
duced an oscillatory signal at a depth of 4 to 6 cm with an amplitude of 
motion up to 2 cm. The contrast echocardiographic technique was used 
to identify the septum but no detailed analysis of interatrial septal 
motion was performed. In 1973, Matsumoto? recorded the interatrial 
septum using conventional echocardiography with the ultrasonic beam 
transmitted through the left sternal border. He described the pattern 
of the septum as wavy and synchronous with the heartbeat with an 
amplitude of about 10 mm. The interatrial septum was seen near the 
chest wall in patients with left atrial enlargement and far from the chest 
wall in patients with right atrial enlargement. However, there were 
methodologic problems in this study because the direction of the ul- 
trasonic beam was not perpendicular to the interatrial septum. 

In the study to be reported we observed the interatrial septal config- 
uration through each cardiac cycle using real time cross-sectional 
echocardiography and found that interatrial septal motion in the hori- 
zontal plane was largest in the mid portion of the septum and in the 
anteroposterior direction during one cardiac cycle. The purpose of this 
paper is to describe (1) an echocardiographic method for recording the 
anteroposterior motion of the mid portion of the interatrial septum, and 
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(2) the results of motion analysis of the interatrial sep- 
tum in normal subjects and in patients with right or left 
atrial overloading. 


Methods 


Instrument and recording technique: In this study we 
used a commercially available Sonolayergraph Electronic 
Sector Scanning Type SSH-11A (Toshiba Co. Ltd) with a 78° 
scanning angle. This equipment is capable of obtaining an M 
mode echocardiogram from a cursor spatially placed within 
a cross-sectional examination plane while simultaneously 
displaying real time cross-sectional imaging. The transducer 
has 32 elements with a frequency of 2.4 megahertz and an 
active area of 1.5 by 1.5 cm. The line density of the image is 
112 lines/arc and displayed at a tissue depth of 16 or 20 cm. 
The cross-sectional images are displayed on an oscilloscopic 
screen at 30 frames/sec. 

The echocardiograms were recorded with the patient in 
either the supine or the right lateral decubitus position during 
expirátory apnea. The transducer was placed in the third, 
fourth or fifth intercostal space to the right of the sternum and 
tilted posteromedially and superiorly in a horizontal plane, 
and then the interatrial septal echogram was visualized. The 
transducer was angled to place the mid portion of the inter- 
atrial septum in the center of the scan. The cross-sectional 
echograms of the interatrial septum were recorded on a movie 
camera at a rate of 15 frames/sec. Single images were also re- 
corded with a Polaroid? camera mounted on a slave screen. 

An M mode echogram of the interatrial septum was ob- 
tained on a cursor passing through the mid portion of the in- 
teratrial septum simultaneously with display of real time 
cross-sectional imaging. It was recorded on a strip chart re- 
corder (Honeywell? 11A) at a paper speed of 25, 50 or 100 
mm/sec simultaneously with an electrocardiogram and pho- 
nocardiogram. Contrast echocardiographic study was per- 
formed by the injection of saline solution and indocyanine 
green into an antecubital vein.?^ Dual echocardiography was 
performed in five subjects to determine the temporal relation 





FIGURE 1. Diagram of the transverse section of the thorax. The di- 
rection of the ultrasonic beam is almost perpendicular to the interatrial 
septum (IAS) in transducer position A, whereas the direction is oblique 
or nearly parallel to the interatrial septum in transducer position B. IVS 
= interventricular septum; LA = left atrium; LV = left ventricle; MV = 
mitral valve; PW = left ventricular posterior wall; RA = right atrium; 
RV = right ventricle; TV = tricuspid valve. 
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between points of the interatrial septal echogram and those 
of the mitral valve echogram. A commercially available ul- 
trasonic device (SSL 51U special type) with two 2.25 mega- 
hertz transducers was used to record dual echocardiograms. 

Subjects studied: M mode echograms of the interatrial 
septum were analyzed in 31 subjects whose interatrial septal 
echograms were clearly recorded. This group comprised 12 
normal subjects, 8 patients with mitral stenosis, 7 patients 
with mitral regurgitation due to chordal rupture, 2 patients 
with Ebstein’s anomaly and 2 patients with primary pulmo- 
nary hypertension. The diagnosis in each case was made with 
noninvasive examinations including conventional echocar- 
diography, as well as with cardiac catheterization and angio- 
cardiographic studies. All patients with Ebstein’s anomaly and 
with primary pulmonary hypertension had manifest tricuspid 
regurgitation. 


Results 


Figure 1 shows the spatial relation between the 
echographic beam and the interatrial septum. In the left 
sternal approach (transducer B in Fig. 1), the direction 
of the ultrasonic beam is oblique or nearly parallel to the 
interatrial septum. Therefore, it seems impossible to 
analyze the motion of the mid portion of the septum 
through each cardiac cycle with M mode echocardiog- 
raphy. However, in the right sternal approach (trans- 
ducer A in Fig. 1), it is possible to record the mid portion 
of the septum through each cardiac cycle because the 
direction of the ultrasonic beam is almost perpendicular 
to the interatrial septum. 

Normal subjects: The cross-sectional echograms of 
the interatrial septum obtained from a normal subject 
with our method are shown in Figure 2. The interatrial 





FIGURE 2. Contrast echocardiographic study in a normal subject. The 
upper panel shows cross-sectional echograms before (left) and after 
(right) the injection of saline solution and cardiogreen dye into an an- 
tecubital vein. The lower panel shows an M mode echocardiogram. 
Echo-dense material appeared anterior (right atrium) to the interatrial 
septum (IAS). The anteroposterior dimensions of the right (RA) and left 
atrium (LA) are approximately 3.5 and 3.0 cm, respectively. A simul- 
taneous phonocardiogram arid électrocardiogram are recorded below. 
IVS = interventricular septum. 
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FIGURE 3. A series of cross-sectional echocardiograms in one cardiac 
cycle from a normal subject. Left, echocardiograms recorded in early 
systole (A), mid systole (B); and end systole (C). Right, echocardiograms 
recorded in early diastole (D), mid diastole and end diastole (F). The 
interatrial septal configuration is convex toward the right atrium in mid 
and late systole and in early diastole, whereas it is convex toward the 
left atrium in end diastole. Note that the mid portion of the septum shows 
the largest anteroposterior motion. 





FIGURE 4. Echocardiograms from a normal subject. Upper panels, 
cross-sectional echocardiogram (left) and its schematic drawing (right) 
showing the relation between the mid portion of the interatrial septum 
(IAS) and the ultrasonic beam with which the M mode echogram of the 
interatrial septum was recorded. Lower panel, typical M mode echo- 
gram of the interatrial septum with phonocardiogram (PCG) and elec- 
trocardiogram (ECG) (lead II). Eight distinct points (a to h) are identified 
and designated in the echogram. Unidentified abbreviations as in Figure 
2. 





septal echogram showed a smooth linear echo coursing 
almost parallel to the anterior chest wall. Echo-free 
spaces were seen anterior and posterior to the interatrial 
septal echo. The anteroposterior dimensions of the 
anterior and posterior spaces in early diastole were 
approximately 3.5 and 3.0 cm, respectively. The echo- 
dense materials appeared in the anterior echo-free space 
after injection of saline solution and indocyanine green 
into the antecubital vein. Thus, the interatrial septum, 
right atrium and left atrium were identified. 

The interatrial septum changed its configuration 
through each cardiac cycle (Fig. 3). The configuration 
was convex toward the right atrium in mid and end 
systole and in early diastole and was flat or convex 
toward the left atrium in mid and end diastole and early 
systole. Because the anteroposterior motion of the in- 
teratrial septum was largest in its mid portion, we re- 
corded the M mode echogram of the mid portion of the 
interatrial septum to analyze its motion (Fig. 4). 

Because the interatrial septal echogram showed a 
similar pattern in each normal subject, we identified 
and designated eight points labeled a toh (Fig. 4). At 
point a, the interatrial septum moves rapidly posteriorly 
after the onset of the P wave. Beginning at point b, the 
septum moves anteriorly, and at point c it again moves 
rapidly posteriorly to make a sharp notch. At point d, 
the septum again moves anteriorly and makes an ar- 
cuate curve. At point e, it moves anteriorly more steeply. 
Beginning at.point f, the septum moves posteriorly 
making a steeper slope. At point g, it moves anteriorly 
until point h. In some normal subjects, points g and h 
were not differentiated from each other. 

Dual echocardiography revealed that point c oc- 
curred approximately 15 to 25 msec after coaptation of 
the mitral valve leaflets (Fig. 5). In a normal subject in 
whom the temporal relation between the interatrial 
septal and the tricuspid valve motions was examined, 
point c coincided with the closure of the tricuspid valve. 
Point e occurred almost simultaneously with the 
opening of the tricuspid valve, and point f occurred 





FIGURE 5. Dual echocardiogram from a normal subject, showing the 
mitral valve (MV) echogram obtained with the left sternal apprcach 
(upper panel) and the interatrial septal (IAS) echogram obtained with 
our method (lower panel). Point C of the mitral valve echogram pre- 
cedes point c of the interatrial septal echogram by 25 msec. Point f 
occurs between points D and E of the mitral valve echogram. 
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FIGURE 6. M mode echogram of the interatrial septum (IAS) from a 
patient with mitral stenosis. Decreased amplitude of the septal echo- 
graphic curve is shown. The septum is displaced toward the right atrium 
(RA). Unidentified abbreviations as in Figures 2 and 4. 


between point D and point E of the anterior mitral valve 
echogram. : 
Mitral stenosis: In this group of patients, the in- 
teratrial septal echogram showed a characteristic pat- 
tern (Fig. 6). The amplitude of the interatrial septal 
echogram was greatly diminished. The notch at point 
c was also diminished and the segment between points 





FIGURE 7. M mode echogram of the interatrial septum (IAS) from a 
patient with mitral regurgitation due to chordal rupture. Note the steep 
slope of early systolic anterior motion. Fluttering (arrow in enlarged 
segment) of the septum can be seen in early and mid systole. Because 
this patient had atrial fibrillation, points a and b can not be noted. Un- 
identified abbreviations as in Figures 2 and 4. 
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d and e was flattened. The interatrial septum was dis- 
placed anteriorly toward the right atrium. 

Mitral regurgitation due to chordal rupture: In 
all patients with mitral regurgitation due to chordal 
rupture, the amplitude of interatrial septal motion was 
increased, and the slope of systolic anterior motion was 
steep. The slope between points f and g was also steeper 
than normal. Point d was high. Fluttering of the inter- 
atrial septum in early to mid systole was observed in 
four patients in this group (Fig. 7). 

Ebstein's anomaly: In the two patients with Eb- 
stein's anomaly, the interatrial septum showed posterior 
motion in early and mid systole instead of the anterior 
motion seen in normal subjects (Fig. 8). The septum 
returned to the level of point c in early diastole. We 
called this particular motion the paradoxical movement 
of the interatrial septum. The septum was displaced 
toward the left atrium. 

Primary pulmonary hypertension: In the two pa- 
tients with primary pulmonary hypertension, the in- 
teratrial septum showed decreased motion through each 
cardiac cycle (Fig. 9). The septal echo was almost flat 
during systole and early diastole. The interatrial septum 
was displaced posteriorly toward the left atrium. 


Discussion 


In this study, we applied a new method to analysis of 
interatrial septal motion. Using a phased-array elec- 
tronic scanner and positioning the transducer to the 
right of the sternum, we recorded M mode echograms 
of the interatrial septum by passing the ultrasonic beam 
through the mid portion of the septum during each 
cardiac cycle. The echograms of the mid portion of the 
septum were satisfactory for analyzing interatrial septal 
motion. We have obtained good echograms for motion 
analysis in about 40 percent of consecutive patients. In 


FIGURE 8. M mode echogram of the interatrial septum (IAS) from a 
patient with Ebstein's anomaly. The septum shows a posterior motion 
in early and mid systole and returns to the level of point c in early 
diastole. The septum is displaced toward the left atrium (LA). Uniden- 
tified abbreviations as in Figures 2 and 4. 
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FIGURE 9. M mode echogram of the interatrial septum (IAS) from a 
patient with primary pulmonary hypertension. Note the decreased 
motion of the interatrial septum, which is displaced toward the left atrium 
(LA). 4L — fourth left intercostal space. Unidentified abbreviations as 
in Figures 2 and 4. 


normal subjects and in patients without cardiac en- 
largement, recording of the interatrial septum was dif- 
ficult and was obtained in fewer than 20 percent, but the 
recording was relatively easier in patients with cardio- 
megaly. Good echocardiograms could be obtained in 
almost all subjects whose chest X-ray film showed 
bulging of the right border of the heart. 

Factors influencing normal interatrial septal 
motion: The interatrial septal echo curves obtained 
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from normal subjects showed characteristic patterns 
and we designated eight Points on the curves. We know 
of no previous reports describing such a clear and dis- 
tinct echographic pattern of the interatrial septum. 
Because the interatrial septum is a membranous 
structure between both atria, its motion may be in- 
fluenced by the pressure gradient between the atria. 
According to Braunwald et al.,? the interatrial differ- 
ential pressure falls into three distinct groups: (1) a left 
to right pressure gradient persisting throughout all, or 
nearly all, of the cardiac cycle with a peak at the V point; 
(2) a transient reversal of the left to right gradient 
during atrial contraction; and (3) a predominant right 
to left pressure gradient. In any case, the echographic 
pattern of the interatrial septum of the normal subjects 
observed in our study seems to be very similar to the 
contour of the differential pressure between the atria 
(Fig. 5 to 7 of Braunwald et al.®). We have another fact 
indicating the close relation between the interatrial 
septal echogram and the pressure gradient between 
both atria. We have observed in studies with open chest 
dogs that pattern and timing of the interatrial septal 
echocardiogram are very similar to those of the left to 
right interatrial pressure gradient curve (Fig. 10). 
Moreover, the septal echograms of normal subjects and 
of the dogs were also very similar to each other. In the 
dog echocardiograms (Fig. 10), seven distinct points 
were easily identified and designated in the same 
manner as in normal human echocardiograms. 

On the basis of the hypothesis that the motion of the 
interatrial septum might be determined by the pressure 
gradient between the atria in each cardiac cycle, we tried 
to explain each identified point of the interatrial septal 


FIGURE 10. Left (LA) and right atrial (RA) pressure 
curves, left to right (LA-RA) interatrial pressure gra- 
dient curve (upper panel) and interatrial septal (IAS) 
echogram (lower partél) recorded in an open chest 
dog. The upper and lower records were performed 
simultaneously with two different recorders. The 
pressure curves were obtained with catheter tip 
manometers. The septal echographic curve is very 
similar to the pressure gradient curve. In addition, the 
septal echo (lower panel) from this dog is similar to 
i that of a normal subject (Fig. 4, lower panel). We 
A therefore, designated seven distinct points on the 
echogram in the same manner as in normal 
subjects. 
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echographic curves. We believe that the backward 
movement of the septum between points a and b is due 
to atrial contraction because this motion (1) was not 
observed in the patients with atrial fibrillation (Fig. 7 
and 8), and (2) was observed in conjunction with the P 
wave but not with the QRS complex in the patient with 
complete heart block. The onset of right atrial con- 
traction precedes that of left atrial contraction.? The left 
to right interatrial pressure gradient may be reduced 
from the onset of right atrial contraction to the onset of 
left atrial contraction; thus the interatrial septum moves 
posteriorly after point a. The left to right interatrial 
pressure gradient may increase after the peak of the 
right atrial pressure because the left atrium still con- 
tinues to contract and continues to increase its pressure; 
thus point b is formed and the septum moves anteriorly. 
Because the onset of left ventricular contraction pre- 
cedes that of right ventricular contraction,’ the onset 
of the c wave of the left atrial pressure curve may pre- 
cede that of the c wave of the right atrial pressure curve. 
Point c of the interatrial septal echogram may be caused 
by the onset of the decreased left to right pressure gra- 
dient at the onset of right ventricular contraction be- 
cause point c seemed to coincide approximately with the 
onset of tricuspid valve closure. Point e may be pro- 
duced by the increase of the left to right pressure gra- 
dient due to opening of the tricuspid valve, precedes 
opening of the mitral valve. Points f and g may be re- 
lated to the onset and the end of rapid blood flow from 
the left atrium to the left ventricle, respectively. 

Mitral stenosis: In patients with mitral stenosis, the 
septal motion was decreased, as shown by decreased 
amplitude of the echographic curves. This may be ex- 
plained by a large left to right interatrial pressure gra- 
dient through one cardiac cycle. The pressure gradient 
was so large even at its lowest level that the interatrial 
septum protruded toward the right atrium almost to its 
maximal limit. Therefore, the interatrial septum could 
protrude only slightly in response to a further increase 
in the pressure gradient. Displacement of the interatrial 
septal echogram toward the right atrium may show the 
enlarged left atrium. 

Mitral regurgitation: The echographic findings of 
the interatrial septum in patients with mitral regurgi- 
tation due to chordal rupture included increased am- 
plitude of the septal echogram, a steep slope between 
points b and c and fluttering in early to mid systole. The 
increased pulse pressure of the left atrium in acute mi- 
tral regurgitation® may explain the increased amplitude 
of the curves. The steep slope of the segment between 
points b and c can be attributed to the increased left to 
right pressure gradient in mitral regurgitation, which 
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begins between points b and c. Fluttering of the inter- 
atrial septum was found in four patients with mitral 
regurgitation due to chordal rupture but was not ob- 
served in our other patients. Therefore we believe that 
fluttering of the interatrial septum is the characteristic 
echocardiographic finding in mitral regurgitation due 
to chordal rupture. This particular finding may result 
from a regurgitant jet that strikes the interatrial sep- 
tum. In studies using catheter tip manometry in open 
chest dogs we observed that after production of acute 
mitral regurgitation due to chordal ruptures, the in- 
teratrial left to right pressure gradient showed increased 
amplitude, a steep curve in early systole and fluttering. 
At the same time, the interatrial septal echogram 
showed an increase in its amplitude, a steep slope in 
early systole and fluttering of the septum. 

Ebstein's anomaly: The two patients with Ebstein's 
anomaly had manifest tricuspid regurgitation. The 
paradoxical movement of the interatrial septum may 
be caused by a decrease in the left to right interatrial 
pressure gradient (or an increase in the right to left in- 
teratrial pressure gradient) during systole, which is due 
to an increase in the right atrial pressure by regurgita- 
tion across the tricuspid valve. Displacement of the 
interatrial septum toward the left atrium may indicate 
the enlarged right atrium. 

Primary pulmonary hypertension: In patients with 
primary pulmonary hypertension complicated by tri- 
cuspid regurgitation, decreased motion of the septum 
was observed. This finding may indicate that the in- 
teratrial septum cannot protrude toward the left atrium 
in response to an increase in right atrial pressure caused 
by tricuspid regurgitation because the septum protrudes 
almost to its maximal limit even in diastole. Septal 
displacement toward the left atrium may be caused by 
right atrial enlargement. 

Implications: This echographic method of recording 
the mid portion of the interatrial septum through each 
cardiac cycle is useful for analyzing interatrial septal 
motion. Our analysis of the interatrial septal echogram 
suggested that septal motion resulted from the inter- 
atrial pressure gradient through each cardiac cycle. 
Therefore, this method permits noninvasive study of 
the hemodynamic relation between the atria in physi- 
ologic as well as pathophysiologic states. Interatrial 
septal motion showed such a characteristic pattern that 
its recording may be useful for the diagnosis of right or 
left atrial overloading. 
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Experience with computer analysis of M mode echocardiograms for the 
evaluation of left ventricular function in patients with left ventricular 
pressure overload is reported. In order to study systolic and diastolic left 
ventricular function, endocardial surfaces of the septum and posterior wall 
were digitized and analyzed by minicomputer. The subjects included 52 
normal children and 30 children with catheterization-proved aortic stenosis 
with (13) and without (17) coarctation. Compared with the normal chil- 
dren, the patients with aortic stenosis had a statistically smaller and 
thicker walled left ventricle and increased fractional shortening of the left 
ventricular minor axis. Continuous tracings of minor axis dimension and 
the first derivative of these tracings were plotted. The tracings allowed 
measurement of the maximal velocity of shortening and lengthening. 
Maximal velocity of shortening (normal = 96.8 + 3 mm/sec [mean + 
standard error of the mean|) was depressed to 80.8 + 4.7 mm/sec) in the 
group with pressure cverload. Maximal velocity of lengthening (normal 
= 116.4 + 3 mm/sec) was also depressed (88.4 + 5.2 mm/sec) in this 
group. Although the velocity measurements allowed separation of the 
normal from the abnormal group, they did not correlate closely with either 
left ventricular wall thickness or left ventricular systolic pressure and 
therefore they cannot be used to assess the severity of the left ventricular 
pressure overload or the need for surgical correction. Nonetheless, the 
study provides a method for analyzing left ventricular diastolic and systolic 
dynamic function from a ventricular M mode echo alone and suggests 
abnormal systolic and diastolic left ventricular performance in some 
children with aortic stenosis and left ventricular hypertrophy. 


Echocardiograms from children with aortic stenosis show hyperdynamic 
left ventricular wall motion patterns as evidenced by increased short- 
ening of the left ventricular minor axis dimension.! Although these 
patterns suggest supernormal left ventricular function, the hypertro- 
phied ventricle is thought by some to function abnormally during con- 
traction? and relaxation.® To study systolic and diastolic left ventricular 
function in the hypertrophied ventricle, an analysis of septal and pos- 
terior wall echographic tracings was performed by digitizing M mode 
echocardiograms from children with left ventricular pressure overload 
and processing them with a minicomputer. 


Methods 


Patients: High quality M mode echocardiograms were obtained from two 
groups of children. The normal group was composed of 52 children ranging in 
age from 6 months to 18 years. Each child had been examined by a cardiologist 
and was believed to have a normal cardiovascular system. Blood pressure and 
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electrocardiograms were also normal in these children. The 
abnormal group consisted of 30 children whose mean age and 
body surface area were not different from those of the normal 
group. In this group, 17 patients had left ventricular pressure 
overload and concentric left ventricular hypertrophy secon- 
dary to catheterization-proved aortic valve stenosis and 13 had 
coarctation of the aorta coexisting with aortic stenosis. None 
of these children had congestive heart failure or were receiving 
digoxin at the time of the study. Children with a poorly de- 
veloped left ventricle as evidenced by left ventricular wall 
thickness of less than 3 mm in the M mode echocardiogram 
were excluded from the study group. 

Echocardiographic technique: Echocardiograms were 
performed with a 3.5 or 5 megahertz transducer and a 
Smith-Kline Ekoline 20A ultrasonograph which was inter- 
faced with a Honeywell 1856 fiberoptic recorder. The patients 
were examined in the supine position with the transducer 
positioned in the fourth intercostal space adjacent to the left 
sternal border. Standard sweeps from the aorta to the left 
ventricular body were obtained. A standard lead II electro- 
cardiogram was recorded. Echocardiograms were obtained 
within 2 days of cardiac catheterization in the group with 
pressure overload. 

Echocardiographic analysis: Echocardiographic mea- 
surements of left ventricular cavity size and septal and pos- 
- terior wall thickness were obtained from each echocardiogram. 
The internal dimension of the left ventricle was measured as 
the distance from the left side of the interventricular septum 
to the endocardial surface of the posterior wall at the level of 
the chordae tendineae or at the level of the mitral valve in 
younger patients. End-diastolic dimension was measured at 
the onset of the QRS complex and end-systolic dimension at 
the point of maximal anterior excursion of the endocardial 
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FIGURE 1. Digitized and computer-derived echocardiographic tracings. 
The top tracing shows a computer-derived plot of the endocardial 
surface of the left side of the septum (SEPT) and endocardial surface 
of the left ventricular posterior wall (PW) from an M mode echocardi- 
ogram. The bottom tracing shows the instantaneous minor axis di- 
mension (LVD) in mm and the rate of change (dD/dt) or velocity of the 
minor axis dimension throughout systole and diastole. The values are 
calculated from 64 points in the tracing and are raw or unsmoothed. 
The vertical lines represent the onset of the QRS complex. 


surface of the posterior wall. Septal and posterior wall thick- 
ness was also measured at end-diastole and end-systole. A wall 
tension factor (1/2 X [septum - posterior wall thickness] di- 
vided by minor left ventricular dimension) was calculated at 
end-systole?? and end-diastole? from a single representative 
cycle for each patient. 

Echographic tracings of the septum and posterior wall 
from two consecutive sinus beats were digitized using a Graf 
pen digitizer that was interfaced with a Wang 600 minicom- 
puter. Echocardiograms recorded at a paper speed of 50 
mm/sec were analyzed. The computer was programmed to 
calculate and plot the wall tracings themselves (Fig. 1). When 
the operator determined that the traced outlines of the septum 
and posterior wall echoes accurately reflected the original 
tracings, the computer was instructed to plot the instanta- 
neous minor axis dimension at 64 points, and the rate of 
change (dD/dt) or velocity of the minor axis dimensional 
change throughout systole and diastole (Fig. 1). The velocity 
curve was smoothed (compare Fig. 2 with Fig. 1) using a least 
squares smoothing algorithm to eliminate tracing artifact. 
This echocardiographic analysis is similar to the method re- 
ported previously by Gibson and Brown.!? 
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FIGURE 2. Computer-derived plot after least squares smoothing of the 
left ventricular minor axis dimension (LVD) and velocity (dD/dt) of the 
minor axis dimensional change in a normal child. The left ventricular 
end-diastolic diameter (LVD), left ventricular end-systolic diameter 
(LVS), maximal velocity of shortening (MVS) and maximal velocity of 
lengthening (MVL) can be measured directly from the computerized 
tracing. 
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The maximal velocity of shortening and maximal velocity 
of lengthening were measured from these tracings. (Fig. 2). 
The measurements were made for each of the two beats and 
averaged to obtain the measurements for each patient. The 
maximal velocity measurements were made on both the 
smoothed and unsmoothed curves for each child. The peak 
velocities from the smoothed curves were consistently lower 
than those obtained from the unsmoothed traces; however, 
the difference was always less than 10 percent. Because the 
smoothed curves appear to provide more reproducible results, 
we elected to report only the values from the smoothed 
curves, — | 

Statistieal methods: Comparison between the normal 
group and the group with left ventricular pressure overload 
was made. using Student's t test. Linear regression analysis 
and calculation of correlation coefficients were performed 
where appropriate. 


Results 


‘Correlation of catheterization and echocardio- 
graphic measurements: Table I shows the cardiac 
catheterization and echocardiographic data for each 
patient in the abnormal group and the mean and stan- 
dard error for each echocardiographic measurement for 
the normal group. Cardiac catheterization data are in- 
complete for Patient 25. This patient is an infant who 
had severe coarctation of the aorta and aortic valve 
stenosis; however, each time the catheter entered the 
left ventricle, significant ventricular irritability occurred 
precluding accurate pressure determinations. This 
patient's echocardiographic measurements are included 


(mmHg) 
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in the mean values for the abnormal group; however, the 
correlations with left ventricular pressure exclude this 
patient. Although the mean age and body surface area 
were not significantly different for the two groups, pa- 
tients with left ventricular pressure overload had a 
statistically smaller left ventricular cavity and a thicker 
left ventricular wall as well as increased left ventricular 
minor axis fractional shortening. When the left ven- 
tricular minor axis fractional shortening was correlated 
with left ventricular systolic pressure, no predictive 
relation was observed (Fig. 3). Similar results were ob- 
tained in comparing wall thickness with left ventricular 
systolic pressure. The coefficient of the correlation 
comparing left ventricular systolic pressure with septal 
thickness measured at end-diastole was r = 0.36, for 
septal thickness measured at end-diastole r = 0.20, and 
for posterior wall thickness measured at end-systole r 
= 0.12. 

Wall tension factor: The wall tension factor calcu- 
lated at end-systole?? and at end-diastole? was signifi- 
cantly increased in the children with left ventricular 
pressure overload (Table I). However, when each wall 
tension factor was correlated with left ventricular sys- 
tolic pressure in the group with pressure overload, no 
predictive relation was demonstrated (Fig. 4). In addi- 
tion, when the wall tension factor calculated at end- 
systole and at end-diastole was correlated with peak 
aortic systolic gradient in the group with aortic stenosis 
alone, the coefficient of correlation was r = 0.07 andr 
— 0.40, respectively. 


FIGURE 3. Regression relation for 
left ventricular minor axis fractional 
shortening (AS) (x axis) and left 
ventricular systolic pressure mea- 
sured at the time of cardiac cathe- 
terization (LVSP) (y axis) in the 16 
children with aortic valve stenosis 
(closed triangles) and the 13 chil- 
dren with aortic stenosis plus 
coarctation of the aorta (open cir- 
cles). The horizontal line (1) rep- 
resents the least squares best fit 
line for the regression relation and 
the inner confidence bands (2) 
represent the 95 percent confi- 
dence interval for this line. The 
outer confidence bands (3) repre- 
sent the 95 percent confidence in- 
terval for predicting an observation 
on the y axis, in this case, left ven- 
tricular systolic pressure. The el- 
lipse (4) represents the 95 percent 
confidence region for x-y scatter. 
This defines the region of the x axis 
for which the regression relation 
can be interpreted. The solid ver- 
tical line represents the group 
mean and the dashed lines repre- 
sent + 1 standard error for the 
echocardiographic measurement 
determined from our normal group 
(no. — 52) (see text for details). N — 
number of subjects; ns — not sig- 
nificant; P — probability; R — cor- 
relation coefficient. 
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Computer analysis: Figure 2 shows the computer- 
derived plot after least squares smoothing of the left 
ventricular minor axis dimension and the velocity of the 
minor axis dimensional change from a normal child. The 
velocity curve shows an initial positive deflection soon 
after the QRS complex that corresponds to the confor- 
mational changes of the ventricle during the isovolumic 
contraction period. This is followed by a negative de- 
flection corresponding to the period of ventricular 
ejection and then a positive deflection during the rapid 
and slow filling phases of diastole. The maximal velocity 
of shortening and of lengthening are measured from the 
nadir and peak points of this curve. i 

Figures 5 and 6 show the relation of the maximal 
velocity of shortening and the maximal velocity of 


482 
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FIGURE 4. Top, regression relation 
for wall tension factor measured at 
end-systole (WTFs) and left ven- 
tricular systolic pressure (LVSP). 
Bottom, regression relation for wall 
tension factor measured at end- 
diastole (WTFd) and left ventricular 
systolic pressure. Conventions and 
abbreviations as in Figure 3 (see 
text for details). 


0.5 


0.4 


lengthening to age and left ventricular end-diastolic 
diameter in the 52 normal children. The maximal ve- 
locity of shortening and the maximal velocity of 
lengthening were poorly correlated with each of these 
variables and thus appear to be independent of them. 
When the maximal velocity of shortening and maximal 
velocity of lengthening were correlated with heart rate, 
a coefficient of correlation r = —0.17 and r = —0.06, 
respectively, was found. Thus, the velocity measure- 
ments also seem to be independent of this variable. 
Similar relations were found for the 30 children with 
aortic stenosis. 

The group with left ventricular pressure overload 
showed statistically significant depression of the 
maximal velocity of shartening (Fig. 7) and maximal 
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FIGURE 5. Scatter plot for (top) maximal velocity of shortening (MVS) 
and for (bottom) maximal velocity of lengthening (MVL) and age in 
months (mo) for the 52 normal children. Unidentified abbreviations as 
in Figure 3. | 


velocity of lengthening (Fig. 8) (Table I). From Figures 
7 and 8 it is evident that although these velocity mea- 
surements were depressed in the group with pressure 
overload compared with values in the normal group, 
there was no significant relation to left ventricular 
pressure measured: at the time of cardiac catheteriza- 
tion. The percent of total shortening or lengthening of 
the left ventricular minor axis dimension that had oc- 
curred at the time of the maximal velocity of shortening 
and lengthening is shown in Figure 9. The left ventric- 
ular minor axis dimension had shortened 27 + 1 percent 
of the total shortening at the time of the maximal ve- 
locity of shortening in the normal group compared with 
16 + 1 percent in the group with pressure overload (P 
<0.001). The left ventricular minor axis dimension had 
relaxed to 39 + 3 percent of its total relaxation excursion 
at the time of the maximal velocity of relaxation in the 
normal group and to 40 + 3 percent in the group with 
pressure overload (difference not significant). 


Discussion 


Normal echocardiographic values in children: 
Gibson and Brown!? used computer analysis of M mode 
echocardiograms to document abnormal rates of left 
ventricular filling in mitral regurgitation, mitral stenosis 
and aortic regurgitation. The mean value for the max- 
imal rate of lengthening of the left ventricular minor 
axis in their normal adult group was 110 mm/sec, which 
is in close agreement with the value of 116 + 3 mm/sec 
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FIGURE 6. Scatter plot for (top) maximal velocity of shortening (MVS) 
and (bottom) maximal velocity of lengthening (MVL) and end-diastolic 
diameter (EDD) for the 52 normal children. Unidentified abbreviations 
as in Figure 3. 


found in our group of normal children. We used com- 
puter analysis of the ventricular M mode echocardio- 
gram to provide an analysis of left ventricular function 
in 52 normal children and established normal values for 
the velocities of shortening and lengthening in this age 
group. 

Echocardiographic values in children with left 
ventricular pressure overload and hypertrophy: 
These normal values were compared with those ob- 
tained from a group of children with left ventricular 
pressure overload. The results of our study confirm that 
the pressure-overloaded hypertrophied ventricle in 
children demonstrates an increased percent shortening 
of the echocardiographic left ventricular minor axis 
dimension.! New findings in this study relate to the 
maximal velocity of shortening and lengthening. The 
diminished maximal velocity of lengthening found in 
the children with left ventricular pressure overload 
probably relates to altered compliance’ properties of the 
hypertrophied ventricle. However, the low maximal 
velocity of shortening may not reflect intrinsic abnor- 
malities of the ventricular muscle, but rather a response 
of the ventricle to the increased afterload of the pressure 
overload state. 

The velocity measurements reported represent the 
maximal velocities for shortening and lengthening. 
These measurements are difficult to obtain without 
computer analysis of the echocardiogram. Also, they 
were not normalized for left ventricular end-diastolic 
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diameter or instantaneous left ventricular minor axis 
diameter. Normalization was believed to be inappro- 
priate in this group of patients because no statistical 
relation was found between the maximal velocities and 
the left ventricular minor axis dimension and because 
the diminished velocities in the group with pressure 
overload would be normalized for a small left ventricular 
minor axis dimension, thus tending to mask the subtle 
abnormality in left ventricular function detected. Al- 
though these velocity measurements allowed separation 
of our normal from our abnormal group, they did not 
correlate closely with either left ventricular wall 
thickness or left ventricular systolic pressure. Therefore, 
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FIGURE 7. Regression relation for 
maximal velocity of shortening 
(MVS) and left ventricular systolic 
pressure (LVSP) in the 29 children 
with aortic stenosis. Conventions 
and unidentified abbreviations as in 
Figure 3: 


these measurements cannot be used to assess accurately 
the severity of left ventricular pressure overload or the 


need for surgical correction. 

Correlations with age: comparison with data in 
normal infants: Although poor correlations were found 
between the maximal velocity of shortening and age 
(Fig. 5) and left ventricular end-diastolic diameter (Fig. 
6), the slope of the regression lines suggested a trend 
toward lower maximal velocities in normal children less 
than 1 year of age and normal children with a small 
end-diastolic diameter. To evaluate these trends fur- 
ther, the echocardiograms from a separate subgroup of 
12 normal infants were examined. These infants are part 


FIGURE 8. Regression relation for 
maximal velocity of lengthening 
(MVL) and left ventricular systolic 
pressure (LVSP) in the 29 children 
with aortic stenosis. Conventions 
ant unidentified abbreviations as in 
Figure 3. 
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of an ongoing study for the evaluation of ventricular 
function in the infant. Their ages ranged from 1 month 
to 1 year (mean 5.5 months). The mean left ventricular 
end-diastolic diameter was 26.8 + 1 mm. In this infant 
subgroup, the mean maximal velocity of shortening was 
79.8 + 6 mm/sec and the mean maximal velocity of re- 
laxation was 117.0 + 15 mm/sec. The mean maximal 
velocity of shortening was therefore significantly lower 
in this group (79.8 + 6 mm/sec) than in the normal 
group as a whole (96.8 3 3 mm/sec; P <0.01), whereas 
the mean maximal velocity of relaxation did not differ 
significantly from the value in the normal group as a 
whole. The systolic measurements from this subgroup 
are comparable with those reported as peak velocity of 
circumferential fiber shortening by Sutton et al.!! in 
newborn infants less than 3 days of age. However, our 
values for diastolic maximal velocity of lengthening are 
significantly larger than those cited in the previous re- 
port.!! We therefore specifically avoided comparisons 
of our data with neonatal data based on what we an- 
ticipated would be differences in the diastolic stiffness 
of the ventricle in the newborn period, as well as po- 
tential alterations in systolic function of the left ven- 
tricle or its response to the known dramatic changes in 
preload and afterload that occur at birth. 

With exclusion of infants less than 1 month of age 
from this separately analyzed subgroup the maximal 
velocity of shortening was still lower in normal infants 
during the 1st year of life than in normal children older 
than 1 year of age. Comparison of these infants with the 
seven infants less than 1 year of age in our patient group 
with aortic stenosis or coarctation of the aorta plus 
aortic stenosis revealed that left ventricular end-dia- 
stolic diameter was still significantly smaller in the 
group with left ventricular pressure overload (26.8 + 1 
mm versus 23.1 + 2 mm; P «0.05). The maximal ve- 
locity of shortening in the seven infants from the ab- 
normal group was 72.0 + 9.7 mm/sec and therefore not 
statistically different from the value in the 12 normal 
infants less than 1 year of age. Nevertheless, the peak 
velocity of relaxation in the abnormal infants less than 
1 year of age (68.7 + 9.7 mm/sec) was still significantly 
less (P <0.05) than the value (117 + 15 mm/sec) in the 
normal infants. This suggests that the diastolic function 
abnormalities cited should still be detectable within the 
Ist year of life, but that systolic function may not differ 
significantly when the group with a hypoplastic or un- 
derdeveloped left ventricle is excluded, as in our study 
group. Furthermore, when the seven infants less than 
1 year of age are eliminated from the group with left 
ventricular pressure overload so that only children older 
than 1 year are compared, the values for mean maximal 
velocity of shortening (83.6 + 6 mm/sec) and length- 
ening (94.3 + 6 mm/sec) are still significantly lower in 
the abnormal group than in the 52 normal children (P 
«0.05 and «0.01, respectively). 

Percent of total shortening of the left ventricular 
minor axis dimension that had occurred at the time 
of the maximal velocity of shortening: This value was 
significantly smaller in the group with pressure overload 
than in the normal group (Fig. 9). Thus, the maximal 
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FIGURE 9. The mean percent change that has occurred in minor axis 
dimension by the time maximal velocity of shortening (max vel short- 
ening) (closed circles) and maximal velocity of relaxation (max vel 
relaxation) (open circles) is reached is shown for the normal group and 
the group with left ventricular pressure overload (abnormal). NS = not 
significant; P — probability. 
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velocity of shortening is depressed and occurs at a time 
when less minor axis shortening has occurred in the 
pressure-overloaded hypertrophied ventricle than in 
the normal ventricle. The percent of total shortening 
of the left ventricular minor axis dimension at the time 
of maximal velocity of shortening was similar in our 
normal group (27 + 1 percent) to that in the isotonically 
afterloaded isolated cat papillary muscle preparation 
(29 percent) reported by Parmley et al.!? 

Ventricular contraction and relaxation as arti- 
fact of cardiac motion within the chest: The velocity 
measurements made from the M mode echocardiogram 
reflect a composite of two major determinants: (1) 
contraction and relaxation of the ventricular wall, and 
(2) movement of the heart within the chest. Gibson and 
Brown!? showed a good correlation between velocity 
measurements made from M mode echocardiograms 
and similar measurements made from left ventricular 
cineangiograms. 'Thus, they believe that velocity mea- 
surements obtained from the M mode echocardiogram 
relate mainly to contraction and relaxation properties 
of the ventricle, rather than to movement of the heart 
within the chest. 

Several variables were assessed to assure that the 
velocity measurements obtained in this study were not 
purely artifact of cardiac motion within the chest. First, 
it was determined that the time to the maximal velocity 
of shortening occurred very early in systole (78 + 4 
msec) and had a specific temporal relation to the left 
ventricular ejection time (LVET) taken from the aortic 
valve echogram!4 (time to maximal velocity shorten- 
ing/LVET = 0.31 + 0.01 in the normal group. This latter 
ratio correlated poorly with heart rate (r = —0.31). 
Second, left lateral ventriculograms from four patients 
in the group with pressure overload were assessed; these 
were evaluated in the plane simulating the M mode 
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echocardiogram beam. When this beam was directed at 
the mid portion of the ventricle, at the level of the 
chordae tendineae, the rotation of the long axis, between 
end-diastole and end-systole, was slight and we believe 
that this minimal degree of rotation would not account 
for the velocity measurements observed. Although this 
procedure only indirectly evaluated the potential 
problem of a cardiac motion artifact, we believe that the 
velocity measurements obtained from the M mode 
echocardiogram reflect, for the most part, contraction 
and relaxation properties of the ventricle. Further 
evaluation of this problem using two dimensional 
imaging techniques is necessary. ! 
Echocardiographic wall tension factor: estima- 
tion of ventricular pressure and pressure gradient: 
As part of our analysis of left ventricular function in 
these patients, the echocardiographic wall tension factor 
was calculated for end-systole^? and end-diastole.? 
These factors also allowed separation of the normal 
from the abnormal group. However, we were unable to 
confirm the high degree of correlation reported by other 
investigators between left ventricular systolic pressure 
or systolic pressure gradient measured at catheteriza- 
tion and the pressure estimated from the wall tension 
factor measured at end-systole?9:15.16 or end-diastole.? 
One explanation for the poor correlation found between 


systolic pressure estimated from the echocardiogram 
and that measured at the time of cardiac catheterization 
in our group is that almost half of our patients with 
pressure overload had combined aortic valve stenosis 
and coarctation of the aorta. No previous study re- 
porting a high correlation between systolic pressure or 
systolic pressure gradient estimated from the echocar- 
diogram and that measured at the time of cardiac 
catheterization included patients with this combined 
lesion. It is possible that this combination of lesions 
produces different effects on the left ventricle than ei- 
ther lesion alone. However, it is unlikely that such dif- 
ferences completely explain the discrepancy between 
our results and those of previous studies with respect 
to the predictability of absolute left ventricular pressure 
because there were no significant differences in any 
variable measured between our patients with aortic 
valve stenosis and those with the combined lesion. 

In conclusion, a method for analyzing left ventricular 
function was utilized to document abnormal systolic and 
diastolic left ventricular performance in some children 
with left ventricular pressure overload and left ven- 
tricular hypertrophy. Computer analysis of M mode 
echocardiograms allows measurements that are not 
otherwise possible and promises to provide an extension 
of the utility of M mode echocardiography. 
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The stress ECG, once restricted to evaluation of 
symptomatic patients with suspected myocardial 
ischemia, has seen recent application in screening 
selected high-risk asymptomatic patients. . . airline 
flight crews, executives applying for corporate 
insurance policies and physical conditioning 
programs, security officials, and others. 

However, 30% of asymptomatic patients with 
angiographically documented absence of significant 
coronary artery disease have false-positive stress 
tests. +? Positive ECGs in such asymptomatic. 
patients present a clinical management challenge: 
How much significance should be attributed to 
these findings? Although angiography can confirm 
absence of significant disease, many clinicians may 
hesitate to perform such an invasive procedure on 
asymptomatic patients in order to differentiate false 
from true positives. 

Noninvasive thallium-201 imaging performed as 
an adjunct to the stress ECG can significantly 
enhance the specificity and sensitivity of electro- 
cardiographic studies. Intravenously injected 
thallium-201 is taken up like potassium and 
concentrated most avidly by normal, well-perfused 
myocardial cells. Ischemic myocardial cells take up 
less thallium-201 — in proportion to the decrease in 
blood flow — particularly during maximal stress, 
when the differential in perfusion is most marked 
between regions supplied by normal coronary 
arteries and those supplied by stenotic vessels. 
Routinely available nuclear medicine imaging 
equipment can record any regional differences in 
thallium-201 uptake — and thus in myocardial 
perfusion — confirming the presence or absence of 
coronary disease. 

Thallium imaging in conjunction with stress 
electrocardiography has proved to be a highly 
sensitive means of detecting CAD. In asympto- 
matic patients with a positive stress ECG, the 
specificity has approached 100%. ° 

When an asymptomatic patient in your practice 
presents with positive stress ECG findings — 





consider a repeat stress study with thallium-201. 
Both research results and clinical experience have 
demonstrated that the combination of thallium-201 
cardiography and the stress ECG can 

a detect single-vessel disease in advance of 
electrocardiographic evidence 

= increase thé sensitivity and specificity of the 
stress ECG, particularly in patients where ECG 
findings and symptomatology do not agree?5' 

= identify those patients with clinically significant 
but electrically silent coronary disease — patients 
who will clearly need angiographic evaluation’ 

Unlike angiography, which displays the static 
anatomic details of the major coronary vessels, 
thallium imaging directly demonstrates —in a 
dynamic manner — the response of regional 
myocardial blood flow to coronary stenosis. 
Redistribution of thallium occurs over time into 
viable myocardium, representing stress-induced 
reversible ischemia, but not into regions of 
previous scar formation. Thus, initial perfusion 
defects that “fill in” on later images represent 
regions of viable myocardium that may benefit from 
medical or surgical control. 

For asymptomatic patients with a positive stress 
ECG, the findings of a stress thallium-201 myocar- 
dial perfusion study may either rule out significant 
coronary stenosis, or provide a sound clinical basis 
for more invasive diagnostic evaluation.9 
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dequate reproduction studies have not been performed in animals to deter- 
line whether this drug affects fertility in males or females, has teratogenic 
otential, or has other adverse effects on the fetus. Thallous Chloride TI 201 
10uld be used in pregnant women only when clearly needed. 


is not known whether this drug is excreted in human milk. As general rule 
EC shouid not be undertaken when a patient is administered radioactive 
iaterial. 


afety and effectiveness in children have not been established. 


dverse Reactions: Adverse reactions related to use of this agent have not been 
ported to date. 


osage and Administration: The recommended adult (70kg) dose of Thallous 
hloride TI 201 is 1-1.5mCi. Thallous Chloride TI 201 is intended for intravenous 
Iministration only. 

or patients undergoing resting thallium studies, imaging is optimally begun 
ithin 10-20 minutes after injection. Several investigators have reported 
iproved myocardial-to-background ratios when patients are injected in the 
sting state, in an upright posture, or after briefly ambulating. 

est results with thallium imaging performed in conjunction with exercise 

ress testing appear to be obtained if the thallium is administered when the 
itient reaches maximum stress and when the stress is continued for 30 

conds to one minute after injection. Imaging should begin within ten minutes 
erection since target-to-background ratio is optimum by that time. 

veral investigators have reported significant decreases in the target-to-back- 
‘ound ratios of lesions attributable to transient ischemia by two hours after 

e completion of stress testing. 

Ye patient dose should be measured by a suitable radioactivity calibration 
stem immediately prior to administration. 

idiopharmaceuticals should be used by persons with specific training in the 

fe use and handling of radionuclides produced by nuclear reactor or particle 
celerator and whose experience and training have been approved by the 
propriate government agencies authorized to license the use of radionuclides. 
ow Supplied: Thallous Chloride TI 201 for intravenous administration is 
pees as a sterile, non-pyrogenit solution containing at calibration time, 
nCi/ml of Thallous TI 201, 9mg/ml sodium chloride, and 9mg/ml of benzyl 
*ohol. The pH is adjusted to between 4.5-6.5 with hydrochloric acid and/or 
dium hydroxide polation Vials are available in the following quantities of 
dioactivity: 1.5, 3.0, 4.5, 6.0, and 9.0 millicuries of Thallous TI 201. 

ie contents of the vial are radioactive. Adequate shielding and handling 
ecautions must be maintained. 


Catalog Number NRP-427 





New England Nuclear 


Medical Diagnostics Division 
601 Treble Cove Rd., North Billerica, MA 01862 





Call Toll-Free: 800-225-1572 / Telex: 94-0996 
(In Mass. and International: 617-482-9595) 


Canada: NEN Canada, 2453 46th Avenue, Lachine, Que. H8T 3C9 
Tel: 514-636-4971 


Europe: NEN Chemicals GmbH. D-6072 Dreieich, W. Germany, Postfach 401240 
Tel: (06103) 85034 Order Entry (06103) 81013 
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Brief Summary of Prescribing information 


Indications and Usage: Symptomatic relief of anxiety, tension, agitation, irrRability and 
insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functional or organic disorders, particularly gastrointestinal or 
cardiovascular. 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic Clinical studies. Reassess periodically usefulness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and cther CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor, abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 

Precautions: In depression accompanying anxiety, consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation o 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions. ' 

Observe usual precautions with impaired renai or hepatic function. 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
mg/kg/day. No effect dose was 1.25mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mg / day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G.I. disease. n 

Safety and effectiveness in children under 12 years have not been established. 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LDH As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 


CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed iff mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent contro! group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. 

In humans. blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide. 
NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk. 


Adverse Reactions, if they occur. are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients. most frequent adverse reaction is sedation (15.996), followed by dizziness (6.996), 
weakness (4.296) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
sea. change in appetite, headache. sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 

Overdosage: In management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U S.P Usefulness of dialysis has not been determined. 


Ativan 


(lorazepam) 





Dosage: individualize for maximum beneficial effects. Increase dose 
gradually when needéd, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may vary trom 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situ 
tional stress, 2-4mg h.s. ` | 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 


Wyeth Laboratories 


| i l Philadelphia, PA 19101 


™ 





Copyright € 1979, Wyeth Laboratories 
Div of AHPC, N Y., N.Y. All rights reserved 








The anxious heart... anxiety so often 


accompanies cardiovascular disease, you may wish to institute 
adjunctive therapy to help bring this complicating factor under control. 

Seven benzodiazepines are now at your disposal. All of them are 
anxiolytics. One of them—Ativan (lorazepam) —has been specifically 
evaluated in seven double-blind, controlled studies involving 423 patients 
(211 on Ativan) and found significantly effective in the relief of 
anxiety associated with organic and functional cardiovascular disorders. 
The cardiovascular component has not, of course, been shown to be 
significantly benefited by such therapy. 

In addition to this outstanding record of clinical usefulness, Ativan offers 
you a unique pharmacokinetic profile. Unlike older benzodiazepines, 
it does not generate multiple active metabolites; steady-state serum levels 
are rapidly achieved and disappear rapidly once you decide to 
discontinue therapy. (The pharmacokinetic profile of a drug can define 
such characteristics as absorption, distribution, metabolism and 
elimination but cannot, at present, be directly related to its therapeutic 
effectiveness.) 

Compatible with cardiotonics, antihypertensives, diuretics, 
anticoagulants and nonnarcotic 
analgesics"*...usually well 
tolerated...simple to use on a 
b.i.d. schedule...a preferred 
prescription to control anxiety in 
cardiovascular disease. 


*No evidence of any clinically significant interaction 
between Ativan and any other medication given 
concomitantly was observed in clinical studies. 

All benzodiazepines, However, including Ativan, 
produce added CNS depressant effects when 
administered with alcohol and other CNS 
depressants. 


See important information on preceding page. 





Ativan. 


M (orazepam) 





Reporting on the day's events... 





The New 


MSAN 


System 





accurate, verifiable, clinically valuable 
Holter information. 


L] an informative, intuitive arrhythmia report, indexed to the minute, the central 
element in your scanning report, serves also as a roadmap to reduce the time 
required for the manual scan. 


L] each CAMSCAN System Arrhythmia Report is verifiable through two independent 
means: 


first verification: take advantage of the to-the-minute accuracy of the system and 
rapidly examine two or three places on the tape corresponding to periods of high 
activity on the CAMSCAN System Report. 

second verification: during the documentation (manual) scan, program three 
audible tones to sound whenever various arrhythmias are detected—perform an 
audio vs visual check for false classifications. 
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A better way to report cardiac events: 
e 


The CAMSCAN System Arrhythmia Report. 


J trends number of heartbeats in each minute (4). 


[] trends minimum and maximum heart rate in each 
minute (11), thereby highlighting sinus pauses and 
blocks (12) that an operator may miss. 

[J] counts and prints number of heartbeats in each 
hour (1). 

(J trends total VPB’s (3) as well as episodes of couplets 
and V-tach (7) in each minute. 

J counts and prints isolated VPB's (2), couplets (10), 
and runs of V-tach (9) in each hour in accordance 
with commonly used arrhythmia classifications. 


O counts and prints number of VPB’s in longest run of 
V-tach (8). 

[] shows short runs of V-tach usually as increased 
maximum heart rate (6). 


[] shows clearly relationships between heart rate and 
ventricular ectopic activity, both with respect to 
each other and with respect to time (5). Heart rate 
and ectopic events can then also be easily corre- 
lated with event marks and the patient's activities, 
symptoms, and medications. 


O summarizes data from a 24-hour CAMSCAN System 
tape in just 13 minutes of unattended scan. 


To get more information on wbat tbe unique features and benefits of 
tbe CAMSCAN System can mean in your practice, contact your local AO representative. 
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The New 
CAMSQAN / i122: 
Holter monitoring benefits | American Optical MEDICAL DIVISION 


Crosby Drive, Bedford, MA 01730 


The CAMSCAN System 


takes full advantage of recent advances in electronics. 


The CAMSCAN System contains the 
latest in microprocessor technology EN rA 
and offers superior value and capa- | 
bility over previous equipment. In 
designing the CAMSCAN System, en- 
gineers of the American Optical Med- 
ical Division have drawn on years of 
expertise with CAMS" for patient 
monitoring in the ICU and the CCU as 
well as years of Holter design experi- 
ence. The result is a new-generation 
Holter system that, in addition to its aura J 
i : — 
highly informative arrhythmia report, L UN ET 


| 
| 
| 


offers a long list of important features. Ig TTE O7 
Some of them are: iu cm muc 





O large, bright display screen—up to 64 seconds of ECG can be frozen for fast, easy review of 
events of interest. 


L] scanner can be programmed to stop at up to 20 diary entries, hourly intervals as well as event 
marks to reduce operator fatigue and provide higher quality reports. 


L.] scanner can be programmed also to stop at any combination of five categories of arrhythmias for 
easier, more error-free scanning. 


L] scanning speed is selectable at either 60X or 120X. 

C two-channel paper strip recording operates at twice normal speed to save time. 
O each ECG strip shows patient time, ID number, and gain (size) setting. 

L] two ECG channels for maximum diagnostic information. 


O crystal-controlled timing track recorded on the tape for precise time designation of 
cardiac events. 


[J event marker supplements diary information. Does not interrupt the ECG or timing channels. 
O built-in calibrator is standard equipment providing convenience and economy. 
L] permits playback of reel-to-reel tapes. 


a full line of CAMSCAN System accessories 


patient hookup kits/pregelled disposable electrodes/cassettes/patient information booklets/patient 
diaries/chart paper/head cleaner kits/user manuals/test cables/patient cables 


supported by superior customer services 


L our customer service organization is staffed by electronics technicians who understand the 
principles of ambulatory cardiography. 


L.] sixty-six service locations backed by five regional service stations that have extensive parts and 
consumables inventories. 


L] in-service performed by experienced registered nurses. 





The New 
CAMISCAN / ii" 
| Holter monitoring benefits | \terican O icti MEDICAL DMISION 
System Crosby Drive, Bedford, MA 01730 
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Puritan Oil 
is superior in 
polyunsaturates 


"n ,U com oil 




















A practical adjunct in 
serum cholesterol control 


Puritan is the first major cooking oil made principally 

from highly polyunsaturated sunflower oil. The sun- 
flower oil gives Puritan an edgein polyunsaturate levels 
over leading corn and soybean-based oils. 


>K A comparison of polyunsaturate levels of major brands 


Lo Leading corn oil brand 


» . |fSoybean-based oil brands 
% 10 20 30 40 50 60 70 80 90 100 


Light flavor... 
encourages compliance at the table 


"uds IAL INGo n The sunflower oil also makes Puritan light tasting. In 
ps Oe, taste tests conducted with Puritanandcorn oil, Puritan 


Oil was selected as lighter tasting by homemakers. It 
ES 






+ 
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contributes to an appealing diet for patients and 
family and thus helps enhance sustained compliance 
with your cholesterol management program. 












. Clinically tested...and proven 
| within a“real life" regimen 





0 





100° The nutrition depart- : 
0% PURE VEGETABLE OIL M. mentofamajoruni- é 
"PORTANT poi voile ATURATEINFORMATMEN ON SAC! i versity has published 
as the results of a study! 





that evaluated a dietary 
serum-cholesterol- ^ 
reducing program 
which included Puritan 
Oil. The study was con- 
dueted in a family 
situation—entire families used Puritan as part 
ofatotalserum-cholesterol-reducing diet. Thedata 
showed significant decreases in serum cholesterol 
levelsamong all participating groups. Theselowered 
levels were reached within 10 days, and were main- 
tained throughout the diet modification period. 


Reference: 1. Witchi, J.C. et al., J. Am. Dietetic Assoc. 72: 384, 1978. 
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TABLETS) 
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sf summary of prescribing information 
DURAQUIN® (quinidine gluconate tablets) Sustained Release 
CLINICAL PHARMACOLOGY: In clinical studies. singie doses of Duraquin produced a 
mean maximum plasma level at 2 hours which was maintained for 12 hours. This broad pla- 
teau indicates slow, continuous absorption from the gastrointestinal tract 

In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 hours, pro- 
duced steady state (equilibrium) plasma levels shortly after 24 hours. The average quini- 
dine plasma levels (Cramer and Isaksson assay") were 0.81 mcg/ml and the mean peak 
levels were 1.16 mcg/ml in a group of normal male subjects weighing 75 Kg. Following the 
last dose at steady state, quinidine plasma levels decreased at an approximate rate of 
5096 in 10 hours. This compares to the expected plasma half-life of 6.3 hours for quinidine 
sulfate tablets, USP 

Therapeutic and toxic effects coordinate better with plasma levels than with dosage. 
While therapeutic levels of 3 to 6 mcg/ml with a range of 1,5 to 9 mcg/ml have been re- 
ported, these values are based on peak plasma levels determined by the less specific 
Edgar and Sokolow assay? This procedure yields quinidine levels averaging 22% higher 
than the Cramer and Isaksson assay Plasma levels vary considerably in patients receiving 
identical doses. Therefore, it is advisable to adjust the dosage by monitoring plasma quini- 
dine levels. 
INDICATION: Duraquin tablets are indicated for the prevention of premature atrial, nodal, 
or ventricular contractions. They are also indicated for the maintenance of normal sinus 
rhythm following spontaneous reversion or electrical conversion of atrial, nodal, oc ventricu- 
lar tachycardia, atrial flutter and fibrillation (either paroxysmal or chronic) 


'Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasma. Scandina- 


vian J. Clin. & Lab. Investigation 15, 553, 1963. 
Edgar, A.L. and Sokolow. M. Experiences with the Photofluorometric Determination of » 
Quinidine in Blood. J. Lab. Clin. Med. 36,478, 1950. 


PD-JA-2299-1-P (3-79) 


PARKE-DAVIS 


COST IS APPROXIMATELY 20% LESS THAN OTHER 
LONG-ACTING QUINIDINE GLUCONATE THERAPY. 


*The quantity of drug and frequency of administration needed to achieve desired.clinical results ER 
must de determined for each patient. 


JUfaQUIn 
(QUINDINE GLUCONATE TABLETS) 


sustained-release tablets, 330 mg 


CONTRAINDICATIONS: :. History of hypersensitivity to quinidine manifested by throm- 
bocytopenia, skin eruption, febrile reactions, etc. 
2. Complete A-V block 
3. Complete bundle branch block or other severe intraventricular conduction defects ex- 
hibiting marked ORS widening or bizarre complexes. 
4, Myasthenia gravis. 
5. Arrhythmias associated with digitalis toxicity. 
WARNINGS: 1. (a) In the treatment of atrial fibrillation with rapid ventricular response, ven- 
tricular rate should be controlled with digitalis glycosides prior to administration of 
quinidine. 
(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm may be pre- 
ceded by progressive reduction.in the degree of A-V block to a 1:1 ratio resulting in amex- 
tremely high ventricular rate. This potential hazard may be reduced by digitalization prior to 
administration of quinidine 
Recent reports have described increased, potentially toxic, digoxin plasma 

levels when quinidine is administered concurrently. When concurrent use is nec- - 
essary, digoxin dosage should be reduced and plasma concentration should be : 
monitored and patients observed closely for digitalis intoxication. fs. 
2. Quinidine cardiotoxicity may be manifested by increased PR' and OT intervals, 50% wid- 
ening of QRS, and/or ventricular ectopic beats or tachycardia. Appearance of these toxic 
signs during quinidine administration mandates immediate discontinuation of the drug, 
and/or close clinical and electrocardiographic monitoring. Note: Quinidine effect is 
enhanced by potassium and reduced in the presence of hypokalemia 
3. “Quinidine Syncope” may occur as a complication of long-term therapy. It is manifested. 
by sudden loss of consciousness and ventricular arrhythmias with bizarre QRS COTE s 
This,syndrome does not appear to be related to dose or plasma levels but occurs more of- . 
ten with proionged OT intervals. 

Brief summary continued on following page: 


PARKE-DAVIS os 
Division of Warner-Lambert Company ` 
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(QUINIDINE GLUCONATE 
TABLETS) sustained-release tablets, 330 mg 


Brief summary continued from previous page. 


4. Because quinidine antagonizes the effect of vagal excitation upon the atrium and the 
A-V node, the administration of parasympa:nomimetic drugs (choline esters) or the use of 
any other procedure to enhance vagal activity may fail to terminate paroxysmal! supraven- 
tricular tachycardia in patients receiving quinidine 

5. Quinidine should be used with extreme caution in: 


- a) The presence of incomplete A-V block, since a complete block and asystole may result. 


Quinidine may cause unpredictable abnormalities of rhythm in digitalized hearts. There- 
fore, it should be used with caution in the presence of digitalis intoxication (see 1 (b) above) 
b) Partial bundle branch block. 

c) Severe congestive heart failure and hypotensive states due to the depressant effects of 
quinidine on myocardial contractility and arterial pressure. 


. d) Poor renal function, especially renal tubular acidosis, because of the potential accumu- 


lation of quinidine in plasma leading to toxic concentrations 
PRECAUTIONS: 
1. Test Dose — A preliminary test dose of a single tablet of quinidine sulfate should be ad- 
ministered prior to the initiation of the sustained release gluconate to determine whether 
the patient has an idiosyncrasy to the Quinidine molecule 
2. Hypersensitivity — During the first weeks of therapy, hypersensitivity to quinidine, al- 
though rare, should be considered (eg, angioedema, purpura, acute asthmatic episode, 
vascular collapse). 
3. Long-Term Therapy — Periodic blood counts and liver and kidney function tests should 
be pertormed during long-term therapy anc the drug should be discontinued if blood 
dyscrasias or signs of hepatic or renal disorders occur 
4. Large Doses — ECG monitoring and determination of plasma quinidine levels are rec- 
ommended when doses greater than 2.5 g/day are administered 
5. Usage in Pregnancy— The use of quinidine, in pregnancy, should be reserved only for 
those cases where the benefits outweigh the possible hazards to the patient and fetus. 
6. Nursing Mothers— The drug should be used with extreme caution in nursing mothers 
because the drug is excreted in breast milk 
7. General— In patients exhibiting asthma, muscle weakness. and infection with fever prior 
to quinidine administration, hypersensitivity reactions to the drug may be masked. 
DRUG INTERACTIONS: 
1. Caution should be used when quinidine end its analogs are administered concurrently 
with coumarin anticoagulants. This combination may reduce prothrombin levels and cause 
bleeding. 
e. Quinidine. a weak base, may have its half-life prolonged in patients who are concurrently 
taking drugs that can alkalize the urine, such as thiazide diuretics, sodium bicarbonate, 
and carbonic anhydrase inhibitors. Quinidine and drugs which alkalize the urine should be 
used together cautiously 
3. Quinidine exhibits a distinct anticholinergic activity in the myocardial tissues. An additive 
vagolytic effect may be seen when quinidine and drugs having anticholinergic blocking 
activity are used together. Drugs having cholinergic activity may be antagonized by 
quinidine. 
4. Quinidine and other antiarrhythmic agents may produce additive cardiac depressant ef- 
fects when administered together 
5. Quinine interaction with cardiac glycosides (digoxin); See WARNINGS. 
6. Antacids may delay absorption of quinidine but appear unlikely to cause incomplete 
adsorption. 
7. Phenobarbital and phenytoin may reduce plasma t,, of quinidine by 50% 
8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory depression of 
patients receiving decamethonium, tubocurare, or succinylcholine 
ADVERSE REACTIONS: Symptoms of cinchonism (ringing in the ears, headache, dis- 
turbed vision) may appear in sensitive patients after a single dose of the drug 
Gastrointestinal: The most common side effects encountered with quinidine are refer- 
able to this system. Diarrhea frequently occurs, but it rarely necessitates withdrawal of the 
drug. Nausea, vomiting, and abdominal pain also occur. Some of these effects may be 
minimized by administering the drug with meals. 
Cardiovascular: widening of ORS complex, cardiac asystole, ventricular ectopic beats, 
idioventricular rhythms including ventricular tachycardias and fibrillation; paradoxical 
tachycardia, arterial embolism and hypotension. 
Hematologic: acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic pur- 
pura, agranulocytosis. 
CNS: headache, fever, vertigo, apprehension, excitement, confusion, delirium and syn- 
cope, disturbed hearing (tinnitus, decreased auditory acuity), disturbed vision (mydriasis, 
blurred vision, disturbed color perception, photophobia, diplopia, night blindness, scoto- 
mata); optic neuritis. 
Dermatologic: cutaneous flushing with intense pruritus 
Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular collapse, 
respiratory arrest. 
DOSAGE AND ADMINISTRATION: Dosage should be titrated to give the desired 
clinical effect, e.g., elimination of paroxysmal rhythm or reduction in premature 
contractions (See CLINICAL PHARMACOLOGY). This will often require prolonged 
ambulatory ECG monitoring, as hour-to-hour variability renders brief ECG record- 
ings unreliable. When doses larger than 2.5 g/day are used, quinidine blood levels 
should be monitored, if possible, and serial ECGs should be followed (See WARN- 
INGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus rhythm fol- 
lowing spontaneous reversion or electrical conversion, the usual dosage is from 330 mg to 


.. 660 mg every eight hours, most patients requiring the higher dose. 


In elderly patients, and in patients in the lower end of the normal weight range, plasma 
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TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Titrate to 
4 mg b.i.d* 


Titrate to 
2 mg b.i.d* 


Start with 
1 mg b.i.d* 


Titrate to 
10 mg b.1.d. 


Titrate to 
5 mg b.i.d™ 


USUAL 
MAXIMUM DAILY 
DONACI AEO 
given in divided doses 
Colne orqıd ) Afew 
patients may benefit from 
turther increases up toa 
daily dose of 40 mg given in 
divided doses 


a Initial Therapy: The starting 
dosage of Minipress is 1 mg D./.d 
or t.ı.d. If response is not adequate 
by the next visit, the dosage should be 
increased to 2 mg b.:.d. or tid 
= Dosage Titration: | \trate dosage slowly, 
cording to patient response. to a Maxi 
mum of 20 mg daily in divided doses. Although 
some patients may be controlled on 1 mg 5./.d 
or t.i.d., generally 6 mg to 15 mg daily will be 
needed in the majority of responding patients to 
achieve optimal blood pressure control 
a Maintenance Therapy: Maintain therapy on a b.1.d. or 
t.ı.d. dosage regimen after initial titration. If optimum con- 
trol is not achieved with Minipress as the initial agent, consider 
adding a diuretic. If optimum control is not achieved with 
Minipress and a diuretic, consider adding another Step 2 anti- 
hypertensive agent. When adding a diuretic or other antihypertensive 


agent, dosage of Minipress should be reduced to 1 mg or 2 mg t.d 


and retitrated as needed 
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BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS: MINIPRESS* (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in 
activity. It can be used as the initial agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 to 90 minutes of the initial dose of the drug; occasionally they have 
been reported in association with rapid dosage increases or the introduc- 
tion of another antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 1?6in patients given an initial dose of 2 
mg or greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patients regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed inthe recumbent position and 
treated supportively as necessary. This adverse effect is self-limiting and in most 
cases does not recur after the initial period of therapy or during subsequent dose 
titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy 

More common than loss of conscicusness are the symptoms often associated 
with lowering of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also be 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen in animal 
testing, the safety of MINIPRESS (prézosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazosin hydrochloride) is not recommended in 
pregnant women unless the potentia benefit outweighs potential risk to mother 
and fetus 
Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children 


ADVERSE REACTIONS: The mcst common reactions associated with 
MINIFRESS (prazosin hydrochloride: therapy are: dizziness 10.396, headache 


m Minipress.is available in 1-mg, 2-mg, and 5-mg capsules 





7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9%. In most instances side effects have disappeared with 
continued therapy or have been tolerated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrcchloride), some of them rarely. (In some instances exact causal relation- 
ships have not been established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry 
congestion. 

Other: diaphoresis 

Single reports of pigmentary mottling and serousretinopathy, and afew reports 
of cataract development or disappearance have been reported. In these 
instances, the exact causal relationship has not been established because the 
baseline observations were frequently inadequate 

In more specific slit-lamp and ftunduscopic studies, which included adequate 
baseline examinations, no drug-related abnorma! ophthalmological findings 
nave been reported 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient s individual blood pressure 
response. The following is a guide to its administration 

Initial Dose: 1 mg two or three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 
mg given in divided doses. Tne therapeutic dosages most commonly employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
26 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titratiom some patients can be maintained adequately on a twice daily dosage 
regimen 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or2 
mg three times a day and retitration then carried out 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and 
unit dose institutional packages of 100 (10x 10's); and5 mg (blue and white #438) 
capsules in bottles of 250, 500 and unit dose institutional packages of 100 (10 x 
10 s) 


mouth, nasal 
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Thirty-one echocardiograms of 21 patients who had pulmonary arterial 
banding were analyzed to assess the adequacy of surgery. In 5 patients 
the echocardiograms were obtained before and after banding and in 16 
patients only after surgery. Right and left ventricular systolic time intervals 
were measured echographically. The ratios of the right ventricular pre- 
ejection period to right ventricular ejection time (RPEP/RVET) were 
correlated with both diastolic (r = 0.94) and systolic (r = 0.86) pulmonary 
arterial pressures distal to the band. The analysis of right ventricular 
systolic time intervals, especially the RPEP/RVET ratio, clearly differ- 
entiated patients with an adequate band (distal pulmonary arterial diastolic 
pressure less than 15 mm Hg) from patients with an inadequate band 
(distal pulmonary arterial diastolic pressure equal to or greater than 30 
mm Hg). The results indicate that echocardiography is a useful nonin- 
vasive tool in evaluating the adequacy of the pulmonary arterial band and 
facilitates the follow-up of patients after banding. | | 


Appropriate constriction of the main pulmonary artery results in re- 
duction of pulmonary blood flow and distal pulmonary arterial pressure, 
and probably prevents the development of pulmonary vascular disease. 
Since the first pulmonary arterial banding was reported more than 2 
decades ago,! several investigators have presented their experience with 
this procedure,?~* the hemodynamic results? and complications.9 

Noninvasive evaluation of patients after pulmonary arterial banding 
has usually been performed using the physical examination and pho- 
nocardiography.?? The lengthening of the Ao-P» interval after banding 
probably results from prolongation of right ventricular systole or in- 
creased capacitance of the pulmonary arterial tree (hang-out interval),? 
or both. Physical examination does not always prove to be completely 
reliable and phonocardiograms are not always easily obtained in infants. 
Furthermore, echocardiography allows accurate examination of the 
subintervals of right ventricular systole. 

The correlation of echocardiographic right ventricular systolic time 
intervals with pulmonary diastolic pressure has been demonstrated in 
several studies.!9.!! This study was undertaken to explore the usefulness 
of echocardiography in assessing the pulmonary arterial pressure distal 
to the band and thus differentiating an inadequate band from an ade- 
quate one. 


Methods 


Echocardiography: Echocardiograms were obtained with either a Unirad 
or Hoffrel ultrasonoscope. Simultaneous strip chart recordings of the echocar- 
diogram and standard electrócardiogram were obtained with an Irex physiologic 
recorder at a paper speed of 100 mm/sec with 10 msec time lines. The electro- 
cardiographic lead that most clearly demonstrated early ventricular depolar- 
ization was chosen to time the onset of electrical systole. Right and left ven- 
tricular systolic time intervals were measured as previously reported by one of 
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Five patients had echocardiograms before and after pul- 
monary arterial banding and 16 patients only after banding. 
The echocardiograms were correlated with the distal pulmo- 
nary arterial pressure obtained at cardiac catheterization. In 
10 patients, the echocardiographic study was performed si- 
previously reported.19.13 | multaneously with the cardiac catheterization and in the re- 

The statistical analyses included uses of the unpaired maining 11 within 24 hours of the catheterization proce- 
Student's t test and simple linear regression. Unless otherwise dure. 
noted, the level of significance was specified as P «0.05. 

Subjects: Twenty-one patients underwent echocardio- 
graphic study. The diagnosis in 12 patients was a large ven- 
tricular septal defect. Six patients had coarctation of the aorta 
(complicated by a ventricular septal defect, either alone or 
with a patent ductus arteriosus), two patients had complete 
atrioventricular (A-V) canal and one patient had double outlet 
right ventricle. All patients were considered to have heart 
failure not responsive to medical therapy and all had pulmo- 
nary arterial systolic pressure at systemic levels at cardiac 


us.!? Three separate complexes were examined and mea- 
surements were made to the nearest 5 msec. Respiratory 
variation was minimized by obtaining the echocardiograms 
in a quiet respiratory state. Right and left ventricular systolic 
time intervals were corrected for age or heart rate, or both, as 


Results 


Hemodynamic data: Before pulmonary arterial 
banding, the patients had elevation of both systolic and 
diastolic pulmonary arterial pressures (Table IA). After 
banding, the patients could be clearly separated into two 
groups (Tables IB and IC). Sixteen patients with a distal 
pulmonary arterial diastolic pressure in the normal 
range (maximum = 15 mm Hg) were considered to have 














catheterization. an adequate pulmonary arterial band. The banding was 
TABLE | 
Summary of 21 Cases 
PAP 
Patient (mean) RPEPc RVETc RPEP LPEPc LVETc LPEP 
(no.) Age Diagnosis (mm Hg) (msec) (msec) RVET (msec) (msec) LVET 
A. Before Pulmonary Arterial Banding 
1 4d Comp. CoAo 100/40 (60) 136 325 0.50 133 272 0.75 
2 5 mo CAVC 95/60 (72) 110 290 0.41 Rok or ie 
3 3d Comp. CoAo 90/50 (63) 126 340 0.40 126 305 0.57 
4 5 mo Comp. CoAo 95/45 (62) 127 343 0.49 y a i. 9 b 
5 5d Comp. CoAo 100/30 (53) 125 344 0.41 n RC DN 
Mean 2 mo 96/45 (62) 125° 328* 0.44! 1301 2891 0.661 
SEM 1.2 mo 1.9/5 (3.0) 4.2 9.4 0.02 3.5 16.5 0.09 
B. After Adequate Pulmonary Arterial Banding 
1 1 mo Comp. CoAo 17/8 (11) 99 374 0.22 117 292 0.50 
3 15 mo Comp. CoAo 14/8 (10) 98 418 0.17 117 330 0.45 
4 29 mo Comp. CoAo 24/10 (16) 94 364 0.23 101 300 0.33 
6 2 yr VSD 20/10 (14) 107 394 0.24 123 340 0.40 
7 3 yr VSD 22/10 (14) 100 477 0.18 131 375 0.38 
8 5 yr VSD 24/10 (15) 97 451 0.17 128 320 0.40 
9 5 yr VSD 25/12 (17) 124 441 0.23 129 400 0.37 
10 4.5 yr VS 20/10 (13) 124 499 0.21 139 370 0.42 
11 4 yr vs 18/6 (10) 94 400 0.18 134 345 0.48 
12 3 yr VSD 20/10 (13) 111 482 0.19 131 390 0.36 
13 4 yr VSD 20/10 (13) 109 474 0.18 119 375 0.33 
14 4.5 yr Comp. CoAo 20/10 (13) 121 448 0.23 141 370 0.42 
15 4 yr VSD 20/10 (13) 109 415 0.22 144 360 0.47 
16 5.5 yr VSD 20/10 (13) 107 390 0.23 ET (dà RUM. 
17 6 yr VSD 25/15 (18) 113 450 0.22 133 387 0.37 
21 1 yr VSD 36/14 (21) 124 458 0.21 114 380 0.30 
Mean 3.5 yr 22/10 (14) 108NS 433! 0.211 1271 358! 0.40* 
SEM 0.4 yr 1.2/0.5 (0.7) 2.7 10.2 0.006 3.0 8.5 0.02 
C. After Inadequate Pulmonary Arterial Banding 
2 2 yr CAVC 80/40 (60) 125 367 0.32 114 330 0.38 
5 6 mo Comp. CoAo 90/50 (63) 140 342 0.47 101 370 0.31 
18 1.5 yr Comp. CoAo 110/50 (72) 128 367 0.38 116 375 0.32 
19 1yr CAVC 45/30 (45) 153 422 0.37 148 420 0.50 
20 5 mo DORV 70/30 (50) 125 360 0.33 135 347 0.40 
Mean 1.1 yr 79/40 (56) 134* 372NS 0.37* 123NS 368 NS 0.381 
SEM 3 11/4.5 (6.3) 5.5 13.4 0.03 8.3 15.2 0.03 
* P< 0.01 
t P< 0.001 
t P< 0.05. 
NS = P» 0.05 


CAVC = complete atrioventricular canal; Comp. CoAo = complicated coarctation; d = days; DORV = double outlet right ventricle; LPEPc =. 
corrected left ventricular preejection period; LPEP/LVET = left ventricular preejection period to ejection time ratio; LVETc = corrected left ventricular 
ejection time; mo = month; PAB = pulmonary arterial banding; NS = not statistically significant; PAP = pulmonary arterial pressure; RPEPc = 
corrected right ventricular preejection period; RPEP/RVET = right ventricular preejection period to ejection time ratio; RVETc = corrected right 
ventricular ejection time; SEM = standard error of the mean; VSD = ventricular septal defect; yr = year. 
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METIN inadequate in the remaining five patients, 
whose distal pulmonary arterial diastolic pressure was 
at least 30 mm Hg (Fig. 1). 


Echocardiographic Data (Table I) 


Right ventricular preejection period (corrected): 
The mean corrected right ventricular preejection period 
was significantly longer than normal in the group 
studied before pulmonary arterial banding (125 versus 
109 msec, P <0.01). In the studied after banding group, 
the mean value for this interval was normal in the pa- 
tients with an adequate band and significantly pro- 
longed in those with an inadequate band (108 versus 135 
msec, P <0.01). However, six patients (Cases 2 to 5, 18 
and 20) with an elevated pulmonary arterial diastolic 
pressure had a corrected right ventricular preejection 
period within the normal range.!! 

Right ventricular ejection time (corrected): The 
mean corrected right ventricular ejection time was sig- 
nificantly shorter than normal in the group studied 
before banding (328 versus 373 msec, P <0. 01). The 
mean value for this interval was prolonged i in those 
patients with an adequate band and normal in those 
with an inadequate band (433 versus 372 msec, P 
«0.001). However, this interval could not be used to 
differentiate reliably between an adequate and an in- 
adequate pulmonary arterial band. 

Right ventricular preejection period/right 
ventricular ejection time (RPEP/RVET): The 
RPEP/RVET ratio was significantly elevated above 
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FIGURE 2. The right ventricular preejection period (RPEP) to right 
véntricular ejection time (RPEP/RVET) ratio was significantly different 
in patients with adequate pulmonary arterial banding (PAB) from patients 
with inadequate banding. Bars indicate the means and standard errors 
of the two groups. p = probability. 
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F!GURE 1. Pressures obtained at cardiac catheterization. Patient 3 
(p nel A) with successful pulmonary arterial banding has low diastolic 
pressure proximal and distal to the band and a significant peak systolic 
gradient across the band. In Patient 2 (panel B) both systolic and dia- 
stolic pressures distal to thé band are elevated. 


normal in the group studied before banding (0.44 versus 
0.25, P «0.001). Among patients with an adequate band, 
the mean value for this ratio was less than normal (0.21 
versus 0.25, P «0.05). All patients with an adequate 
band had a ratio less than 0.25 whereas those with an 
inadequate band had a ratio greater than 0.31, allowing 
clear and significant separation of the two groups (Fig. 
2). 

Correlations: The correlation between the distal 
pulmonary arterial diastolic pressure and the RPEP/ 
RVET ratio was excellent (r = 0.94, P <0.001) after 
banding (Fig. 3). In addition, the correlation between 
distal pulmonary arterial systolic pressure and the same 
ratio was very good (r. = 0.86, P «0.001). 


Post- PAB 





FIGURE 3. Relation between distal pulmonary arterial diastolic pressure 
(PADP) and right ventricular preejection period to ejection time 
(RPEP/RVET) ratio after pulmonary arterial banding (Post-PAB). 
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TABLE li s: 
Sequential Echocardiographic and Hemodynamic Studies in Five Cases 
Case Diag- PAP (mean) RPEPc RVETc RPEP LPEPc LVETc LPEP 
(no.) Age nosis (mm Hg) (msec) (msec) RVET (msec) (msec) LVET 
1 4d Comp. 100/40 (60) 136 325' 0.52 133 272 0.75 
CoAo 
1w PAB TERNE 128 352 0.38 138 264 0.79 
1 mo PAB 17/8 (11) 99 374 0.22 120 292 0.50 
6 mo CHF 18/6 (10) 125 392 0.31 199 265 0.80 
2 5 mo CAVC 95/60 (72) 110 291 0.41 P hs v 
7 mo PAB eta 120 350 0.31 109 300 0.41 
2 yr PAB 80/40 (60) 125 367 0.32 114 330 0.38 
3 3d Comp. 90/50 (63) 126 340 0.4C 126 305 0.57 
CoAo 
15 mo PAB 14/8 (10) 98 418 0.17 117 330 0.45 
4 5 mo Comp. 95/45 (62) 127 343 0.4¢ 
CoAo 
29 mo PAB 24/10 (16) 94 364 0.23 101 300 0.33 
5 5d Comp. 100/30 (53) 125 334 0.41 
CoAo 
6 mo PAB 90/50 (63) 140 342 0.47 101 370 0.31 


Abbreviations in Table |. 


Left ventricular preejection period (corrected): 
The mean corrected left ventricular preejection period 
was longer than normal in the group studied before 
banding (130 versus 104 msec, P <0.01). The mean 
duration of this period was slightly prolonged in both 
the group with adequate banding (127 msec) and the 
group with inadequate (123 msec) banding but the 
prolongation was significant (P <0.05) only in the for- 
mer group. 

Left ventricular ejection time (corrected): The 
mean corrected left ventricular ejection time was sig- 
nificantly shorter than normal in the group studied 
before banding (289 versus 389 msec, P <0.001). After 
banding, the mean value for this interval remained 
shorter than normal in both the group with adequate 





FIGURE 4. Sequential pulmonary valve echocardiograms from Patient 
3 before (left) and after (right) successful pulmonary arterial banding. 
Right ventricular preejection period to ejection time ratio decreased 
from 0.40 to 0.17. pa = pulmonary artery. 


Aan Cantambhas 1070 Tha Awmavinan lansanal n6 CADNMINI FA, 


banding (358 msec, P <0.05) and the group with inad- 
equate banding (368 msec, P = NS). The value of this 
interval was not helpful in distinguishing patients with 
an inadequate band from those with an adequate 
band. 

Left ventricular preejection period/left ven- 
tricular ejection time (LPEP/LVET): The mean 
LPEP/LVET ratio in the group studied before banding 
was significantly elevated above normal (0.66 versus 
0.31, P <0.001). The mean ratio was less elevated in the 
patients studied after banding (0.39), although the 
difference from normal remained significant (P <0.05). 
There was no significant difference in LPEP/LVET 
ratio between the groups with adequate and inadequate 
banding. 


Sequential Studies (Table Il) 


Five of our patients (Cases 1 to 5) had both echocar- 
diographic and cardiac catheterization studies per- 
formed before and after banding. Patient 1 had a dra- 
matic decrease in distal pulmonary arterial pressure and 
the RPEP/RVET ratio after recovery from the banding 
procedure and repair cf coarctation of the aorta. Several 
months later, he had severe right-sided congestive heart 
failure with an increase in both right and left PEP/VET 
ratios, elevated ventrieular end-diastolic pressures and 
a band that remained adequate. At postmortem ex- 
amination, there was extensive fibroelastosis. Patient 
2 had a slight decrease in the RPEP/RVET ratio after 
banding, but the ratio remained above 0.30. On repeat 
cardiac catheterization at age 2 years, the band was 
found to be inadequate. Patients 3 and 4 had a signifi- 
cant decrease in RPEF/RVET ratio after banding that 
correlated with the low distal pulmonary arterial dia- 
stolic pressure found at repeat cardiac catheterization 
(Fig. 4). Patient 5 had an increased RPEP/RVET ratio 
after banding. A repeat cardiac catheterization showed 
an inadequate band with a distal pulmonary arterial 
diastolic pressure of 50 mm Hg. 
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: Discussion 


Hemodynamic effects of pulmonary arterial 
banding: Since banding of the pulmonary artery was 
first introduced by Muller and Dammann! in 1951, this 
palliative procedure has been performed in patients 
with a variety of congenital heart diseases. The aim of 
pulmonary arterial constriction is reduction of pulmo- 
nary blood flow and pulmonary arterial pressure with 
the prevention of pulmonary vascular disease in pa- 
tients with intractable congestive heart failure. 

Adequate banding of the pulmonary artery produces 
stenosis of the main pulmonary artery with different 
pressure contours proximal and distal to the pulmonary 
arterial band (Fig. 1). Proximal to the band there is a 
wide pulse pressure with systolic pressure at systemic 
level and a low diastolic pressure. Distally, both systolic 
and diastolic pressures are low. It should be emphasized 
that our designation of an adequate or inadequate 
pulmonary artery band is based on hemodynamic data 
at a specific time, and not necessarily on the adequacy 
of the banding procedure. The stenosis of a band may 
change, becoming relatively more or less restrictive. 
Therefore an initially adequate band may become in- 
adequate. 

Role of systolic time intervals in assessing the 
pulmonary arterial band: Assessment of patients after 
pulmonary arterial banding has generally required re- 
peated cardiac catheterization. We have previously 
suggested that right ventricular systolic time intervals 
may be used to estimate pulmonary arterial diastolic 
pressure. However, few patients whose right ventricular 
systolic time intervals were studied had pulmonary 
arterial banding. 

The right ventricular systolic time intervals are in- 
fluenced by four factors: (1) ventricular electrical ac- 
tivation, (2) myocardial contractility, (3) right ven- 
tricular preload or diastolic volume, and (4) right ven- 
tricular afterload or pulmonary arterial diastolic pres- 
sure. None of our patients had or later manifested 
conduction abnormalities during the study. The right 
ventricular systolic time intervals in patients after 
banding seem to reflect primary alteration in ventricular 
afterload and preload. One of our patients (Case 1) il- 
lustrated the profound effects that myocardial dys- 
function may have on both right and left ventricular 
systolic time intervals.!^ However, most patients with 
a left to right shunt have evidence of normal or in- 
creased myocardial performance.!? Furthermore, clin- 
ical congestive heart failure without cardiomyopathy 
does not appear to affect the usefulness of the right 
ventricular preejection period/right ventricular ejection 
time (RPEP/RVET) ratio in assessing the pulmonary 
arterial diastolic pressure.!! 


'The right ventricular preejection period lengthens 
and the right ventricular ejection time shortens in re- 
sponse to elevated pulmonary arterial diastolic pressure. 
The ratio RPEP/RVET accentuates these changes and 
has the advantage of being independent of heart rate. 
In patients with an adequate band and normal pulmo- 
nary arterial pressure distal to the band, the mean 
corrected right ventricular preejection period was nor- 
mal and the mean corrected right ventricular ejection 
time was prolonged. After pulmonary arterial banding, 
there is often poststenotic dilatation of the pulmonary 
artery on angiography. This dilatation may result in 
increased compliance of the pulmonary artery and 
prolongation of the “hang-out interval" of the pulmo- 
nary arterial pressure.? Alternatively, the ejection time 
of the right ventricle may actually be prolonged. 
Whatever the mechanism for prolongation, the low 
normal range of the RPEP/RVET ratio encountered in 
patients with adequate pulmonary arterial banding and 
the elevated ratios found in patients with inadequate 
banding make separation of the two groups very dis- 
tinct. | | 

The changes in left ventricle systolic time intervals 
may have several explanations: In the group studied 
before banding, congestive heart failure and resultant 
peripheral vasoconstriction may have been responsible 
for shortening of the left ventricle ejection time and 
elevation of the LPEP/LVET ratio. In the group stud- 
ied after banding, the congestive heart failure usually 
resolved as the left to right shunt diminished. ‘The lower 
left ventricular preload would tend to increase the 
LPEP/LVET ratio. The changes in left ventricular 
systolic time intervals brought about by pulmonary 
arterial banding are less profound than alterations in 
right ventricular systolic time intervals and were not 
useful in assessing the state of the pulmonary vascular 
bed. 

Implications: Our study suggests that patients who 
undergo pulmonary arterial banding can be safely and 
noninvasively followed up with serial echocardiograms 
and analysis of the right ventricular systolic time in- 
tervals. We believe that all patients should have echo- 
cardiographic study soon after the recovery period from 


the banding procedure. Patients with an RPEP/RVET 


ratio greater than or equal to 0.30 should be followed up 
very closely. If the ratio remains elevated, these patients 
are likely to have an inadequate pulmonary arterial 
band and should have repeated cardiac catheteriza- 
tion. 
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Eleven infants with arteriovenous malformations were admitted to St. 
Christopher's Hospital for Children between 1970 and 1978. Dilatation 
of the descending aorta was seen in the chest roentgenogram in 8 of the 
11 patients. Echocardiography used in the two most recent cases revealed 
approximation of the descending aorta to the posterior left atrial and left 
ventricular wall in association with generalized cardiomegaly. The most 
frequently reported radiologic findings in infants with arteriovenous 
malformations are cardiomegaly, increased pulmonary vasculature and 
a widened superior mediastinum. These findings can accompany other 
congenital malformations of the heart, but the radiographic and echo- 
cardiographic findings of a dilated descending aorta appear to be more 
specifically associated with arteriovenous malformations in the neonate 
and infant. 


Arteriovenous malformations in the head and liver are rare but impor- 
tant causes of congestive heart failure in neonates and young infants.1-? 
The clinical diagnosis is often difficult because bruits are frequently not 
evident as a result of the presence of congestive heart failure or the deep 
location of the malformation.4 The reported typical radiographic findings 
are nonspecific and include gross cardiomegaly, increased pulmonary 
vasculature and a widened superior mediastinum.59 These findings are 
seen with other congenital malformations of the heart. In our experience 
the one specific finding strongly suggestive of the diagnosis is the doc- 
umentation in the chest roentgenogram or echocardiogram of dilatation 
of the descending aorta in the presence of cardiomegaly. ‘The purpose 
of this paper is to emphasize the value of the routine chest roentgeno- 
gram (Fig. 1 and 2) and the echocardiogram in the diagnosis of severe 
congenital arteriovenous malformation in the neonate and young in- 
fant. 


illustrative Cases 


Case 1. This 3 day old male infant was transferred from a local hospital for 
evaluation and treatment of tachypnea and massive cardiomegaly. Delivery was 
normal, and the Apgar scores were 3 and 6 at 1 and 5 minutes, respectively, as 
a result of narcotic analgesic agents given to the mother. The infant responded 
well to the administration of Narcan®. Apart from the depressed Apgar scores, 
the physical examination at birth revealed no abnormalities. On the 3rd day of 
life he became tachypneic, and the chest roentgenogram revealed massive 
cardiomegaly. 

On admission the infant was acyanotic and had a respiratory rate of 62/min 
with intercostal and subcostal retractions. Heart rate was 160 beats/min. Pe- 
ripheral pulses were bounding. Blood pressure was 50/20 mm Hg. The second 
sound split normally and the pulmonary component was accentuated. The lungs 
were clear to auscultation. The liver was enlarged 2 cm below the right costal 
margin. No bruits were heard over the cranium or liver. Chest roentgenograms 
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FIGURE 1. Routine chest roentgenogram in a newborn infant in the 
series with a cerebral arteriovenous malformation presenting with 
congestive heart failure. A prominent descending aorta is clearly seen 
(arrows). 


demonstrated massive cardiomegaly, increased pulmonary 
vasculature and a prominent descending aorta. The electro- 
cardiogram demonstrated marked right axis deviation, right 
atrial enlargement and gross right ventricular hypertrophy. 
Enlargement of all cardiac chambers and the presence of a 
hollow structure directly behind the left ventricular posterior 
wall were seen in the echocardiogram. This structure disap- 
peared when the transducer was moved from side to side in 
the horizontal axis but remained in the vertical axis. The 
presumptive diagnosis was that of a large left to right shunt 
producing congestive heart failure, possibly total anomalous 
pulmonary venous return because of the electrocardiographic 
findings of right-sided enlargement and a possible confluence 
of veins in the echocardiogram. The absence of murmurs was 
attributed to heart failure. 

Cardiac catheterization and angiography performed on 
the 3rd day of hospitalization because the infant’s condition 
had not improved with medication revealed a huge cerebral 
arteriovenous malformation with multiple feeding vessels 
involving the vein of Galen. In addition, the ductus arteriosus 
was patent. Biplane angiography revealed a markedly dilated 
heart and great vessels with a tortuous, dilated descending 
aorta passing directly behind the left ventricle (Fig. 3). This 
position of the aorta corresponded with the hollow structure 
seen in the echocardiogram. The nature and extent of the le- 
sion precluded surgical correction and the infant died at age 
2.5 weeks. Autopsy findings confirmed the diagnosis and the 
findings of a dilated descending aorta. 

Case 2: A 2 day old female infant was transferred to this 
hospital for evaluation of massive cardiomegaly and tachy- 
pnea. Delivery was complicated by face presentation. Apgar 
scores were 7 and 9 at 1 and 5 minutes, respectively. Respi- 
ratory rate at birth was 70/min and a “pounding” precordial 
impulse was noted at age 20 hours. The chest roentgenogram 
revealed massive cardiomegaly. | 

On admission, a respiratory rate of 70 to 80/min and a heart 
rate of 140 beats/min were noted. Peripheral pulses were 
bounding and the blood pressure was 50/20 mm Hg. There was 
a prominent right ventricular precordial impulse. The second 





FIGURE 2. Routine chest -oentgenogram in an 8 month old female infant 
admitted with congestive heart failure due to a large hepatic heman- 
gioendothelioma. There is marked cardiomegaly, increased pulmonary 
vascularity and a dilated, prominent descending aorta (arrows). 


heart sound was widely split for a newborn infant and the 
pulmonary component was loud. A systolic click and a grade 
2/6 systolic ejection murmur were heard in the pulmonary 
area. Rales and rhonchi were heard on auscultation of the 
chest. The liver was palpated 3 cm below the right costal 
margin. No bruits wer» heard over the liver or cranium. 

The chest roentgenogram revealed massive cardiomegaly 
with increased pulmonary vasculature. The descending aorta 
was prominent. The electrocardiogram demonstrated right 
axis deviation and rigat atrial and right ventricular hyper- 
trophy. The echocarciogram revealed enlargement of all 
chambers and an echo-free structure in the vertical axis be- 
hind the left ventricle. (Fig. 4). The structure disappeared with 
lateral movement of the transducer in the horizontal axis (Fig. 
5). In the light of our previous experience, we made a pre- 
sumptive diagnosis of a congenital arteriovenous malforma- 
tion. 

Cardiac catheterization performed on the day of admission 
demonstrated a large patent ductus arteriosus, a dilated de- 
scending aorta and a lange arteriovenous malformation in the 
right lobe of the liver. T-eatment was begun with digitalis and 
on the 3rd day of life treatment with prednisone was insti- 
tuted. Previous reports“ and our experience in an older child 
with a hepatic hemangio-endothelioma suggested that ad- 
ministration of prednisone might result in reduction in size 
and resolution of these :esions. At age 12 days the infant un- 
derwent ligation of the patent ductus arteriosus because of 
severe congestive heart failure attributed to the left to right 
shunt. After initial improvement, her condition again dete- 
riorated requiring ligation of the main hepatic artery, the 
hepatic branch of the superior mesenteric artery and a phrenic 
artery supplying the ma formation. To date she has survived 
and is improving steadily, 5.5 months after operation. 


Review of Cases 


Eleven infants with arteriovenous malformations and 
congestive heart failure w»re admitted to this hospital between 
1970 and 1978. Their ages ranged from 1 day to 8 months. Fivé 
had a cerebral arteriovenous malformation involving the vein 
of Galen, five had a malformation in the liver and one had a 
large arteriovenous malformation of the umbilical region with 
diffuse hepatic involvement. 
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FIGURE 3. Case 1. Angiocardiogram after left ventricular injection. Left, anteroposterior view demonstrating dilatation of the left ventricle, left atrium, 
Note how the descending aorta curves to the left, passing behind the left atrium and ventricle 


the dilatation of the left ventricle and left atrium (LA). The descending aorta (DAO) 


ascending aorta, neck vessels and descending aorta. 
(arrows). Right, lateral view (subtraction to enhance detail). Note 
(between dots) lies in close proximity to the posterior wall of the heart. AAO = ascending aorta. 
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FIGURE 4. Case 2. M mode echocardiographic long axis sweep demonstrating the appearance of an echo-free structure behind the posterior left 
ventricular wall (PW) beginning at the level of the atrioventricular valve ring. Previous experience identified this structure as the descending aorta 


(DAO). AO, = aorta; AW = anterior wall, LA = left atrium; RV = right ventricle; SEP = septum. 
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Moderate to severe cardiomegaly, increased pulmonary 
vasculature and a prominent aortic arch were noted in the 
chest roentgenogram of all patients. In 8 of the 11, a dilated 
descending aorta was noted. Atelectasis of the left lung ob- 
scured the descending aorta in one patient and in the re- 
maining two patients, enlargement of the descending aorta 
was not appreciated. Angiography was performed in 8 of the 
11 infants (5 with a cerebral arteriovenous malformation, three 
with a hepatic malformation), and in all 8 the descending aorta 
was dilated and slightly tortuous. As described earlier, echo- 
cardiography was also performed in Cases 1 and 2, the two 
most recent admissions. 


Discussion 


Previous reports! have emphasized the diagnostic 
importance of hearing a characteristic bruit over the 
liver or in the head in this type of lesion. Our experience 
has shown that by the time the infant is first seen, 
congestive failure is marked and cardiac output is so low 
that the bruit is often not heard. The bruit may become 
audible a variable period of time after digitalization. 

Conditions associated with gross cardiomegaly, se- 
vere right ventricular hypertrophy and congestive 
heart failure in the newborn infant include total 
anomalous pulmonary venous return, coarctation of the 
aorta, hypoplastic left heart syndrome and arteriove- 
nous malformations. Severe neonatal hypoglycemia and 
hypoxia resulting in transient tricuspid insufficiency 
in the newborn infant’ are also causes of cardio- 
megaly. 

Pathophysiology: Any form of systemic arterial to 
venous communication has the net effect of increasing 
venous return to the right side of the heart. During in- 
trauterine life, this increased flow crosses the ductus 
arteriosus into the descending aorta. There will also be 
increased return to the left atrium and ventricle purely 
because of flow across the foramen ovale. More specif- 
ically, especially in cerebral arteriovenous malforma- 
tions, the effects of the increased flow to the head will 
result in an increased output from the left side of the 
heart. The effects of these hemodynamic alterations are 
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FIGURE 5. Sector scan in the short 
axis at the level of the aortic valve. 
A, Case 2. The descending aorta 
DAO is seen close to the posterior 
wall of the left atrium (LA). B, this 
relation is not seen in a normal 
neonate. AAO = ascending aorta at 
the level of the valve; ANT = ante- 
rior; RA = right atrium. 


first, to produce a generalized four chamber enlarge- 
ment of the heart, and second, dilatation and tortuosity 
of the aortic arch, head and neck vessels, main pulmo- 
nary artery and descending aorta. The causes of pul- 
monary venous congestion are the increased venous 
return to the right heart and left ventricular failure. 

Echocardiographic and  roentgenographic 
findings: The hemodynamic alterations described 
produce an overall enlargement of the heart and de- 
scending aorta so that the left atrial and left ventricular 
posterior walls lie in close proximity to the aorta (Fig. 
1 to 3). This is not a normal relation in the newborn and 
older infant and this approximation of the posterior wall 
of the heart to the descending aorta produces the 
echocardiographic findings described (Fig. 4). The large 
descending aorta is seen in the frontal view of the chest 
roentgenogram together with the cardiomegaly and 
pulmonary venous congestion (Fig. 1 and 2). The de- 
scending aorta is usually not easily identified in the 
routine chest roentgenogram of a normal newborn in- 
fant because of its size and position in the chest.? In one 
report? on radiologic findings in congenital arteriove- 
nous malformations the dilated descending aerta, al- 
though present in illustrations, is not commented 
upon. 

In cases of total anomalous pulmonary venous return 
with a confluence of veins behind the heart, an echo-free 
space can be detected.’ This is usually a transverse 
structure rather than a vertical one, and movement of 
the ultrasonic transducer in the horizontal axis will not 
lead to rapid loss of visualization whereas vertical 
movement will. The position of the confluence of veins 
is usually more behind the left atrium. 

A relatively uncommon but important cause of con- 
gestive heart failure in the neonate and young infant can 
often be diagnosed on the basis of the combined radiq- 
graphic and echocardiographic features described. 
Cardiac catheterization and angiography are still nec- 
essary to determine the site and operability of the le- 
sion. 
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A detailed electrophysiologic study in a 7 year old boy with incessant atrial 
tachycardia revealed the presence of an atrioventricular pathway con- 
ducting only in the ventriculoatrial direction. The results indicate a reen- 
trant mechanism with the retrograde limb of the circuit entering the atrium 
in the region of the proximal to mid coronary sinus. The accessory pathway 
exhibited relatively long conduction times and conduction properties 
suggesting decremental conduction. Thus, an electrophysiologically 
atypical anomalous conduction pathway may be responsible for the oc- 
currence of incessant atrial tachycardia in some children. 


Supraventricular tachycardias characterized by an abnormal P wave 
(frequently inverted in leads II, III and aVF), variability of heart rate 
(120 to 250 beats/min), and resistance to antiarrhythmic drugs occur 
most often in children and have usually been attributed to acceleration 
of a latent ectopic atrial pacemaker.!-? Although clinical electrophysi- 
ologic studies in both children and adults with this arrhythmia have 
tended to reinforce the concept of a focal ectopic mechanism, * studies 
in young patients with incessant atrial tachycardia electroeardio- 
graphically identical to the arrhythmia described have suggested that 
a reentry mechanism may be present in some instances.’—!! [n particular, 
electrophysiologic findings in several patients suggested that an acces- 
sory pathway exhibiting conduction only in a ventriculoatrial (V-A) 
direction participated in a reentry circuit.!?!! Because initiation of the 
incessant form of the arrhythmia is commonly associated with aeceler- 
ation of sinus rate without abrupt P-R prolongation, it has been proposed 
that the critical slowing of conduction required for initiation of reentry 
occurs in the V-A limb of the reentry loop (that is, within the anomalous 
pathway).!! Consequently, the electrophysiologic nature of the accessory 
pathway in patients with incessant atrial tachycardia may differ from 
that of the anomalous atrioventricular (A-V) pathway found in many 
patients with paroxysmal reciprocating tachycardia.!? 

'This report describes the results of a clinical electrophysiologic study 
in a young patient with incessant atrial tachycardia. Our findings support 
the view that in some patients this arrhythmia may be due to reentry 
utilizing a concealed accessory A-V pathway that manifests slow con- 
duction properties and appears to be anatomically separate from the A-V 
node. 


Case Report 


A 7 year old boy was referred to the University of Minnesota Hospitals after 
a syncopal spell. Before this event, the patient was in excellent health and had. 
no history of chest pain, dizziness or dyspnea with exertion. He has never re- 
quired administration of any cardioactive medication. However, a rapid and 
irregular pulse had been noted shortly before his birth, and his parents believed 
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that it had been present throughout his life, although it was 
never documented. Physical examination was normal, with 
no evidence of cardiac enlargement, murmurs or extra heart 
sounds. The pulse was rapid and interrupted by frequent 
pauses. A chest roentgenogram showed a normal heart size and 
configuration, and an M mode echocardiogram was normal. 
An electroencephalogram was normal, as were hematologic 
and biochemical studies. 

Electrocardiographic findings: The 12 lead electrocar- 
diogram and lead II rhythm strip revealed a narrow QRS 
tachycardia with a heart rate of 150 beats/min and 1:1 atrio- 
ventricular (A-V) association (Fig. 1). The frontal plane P 
wave axis was —80° and the frontal plane QRS axis +80°. The 
P-R interval was 0.08 second during tachycardia and 0.12 
second during sinus rhythm. The tachycardia was persistent, 
being occasionally interrupted by a pause of approximately 
1 second, followed sequentially by a single sinus beat, left 
bundle branch block aberration of a supraventricular beat and 
then reinitiation of tachycardia. The R-P interval during 
tachycardia, the interval from onset of the QRS complex to 
the peak of the subsequent P wave, was 280 msec, and the 
R-P/P-R ratio was always greater than 3:1. The R-P interval 
was up to 20 msec longer after the left bundle branch block 
aberrant complex than during a normal QRS complex.!? 

Electrophysiologic studies: Prolongation of the R-P in- 
terval after left bundle branch block aberration suggested the 
presence of an accessory A-V pathway and prompted us to 
undertake an electrophysiologic study of the arrhythmia. 
After informed consent had been obtained from the patient’s 
parents, electrode catheters were inserted percutaneously and 
advanced to the coronary sinus, the right atrium at the junc- 
tion of the superior vena cava, the region of the His bundle and 
the right ventricular apex. Sedation with meperidine, pro- 
methazine and chlorpromazine (1 mg/kg each) was utilized. 

Endocardial mapping of the atrial activation sequence 
during tachycardia was performed in a manner similar to that 
described by Gallagher et al.!^ V-A intervals at several right 
atrial and coronary sinus recording sites were measured from 
the onset of ventricular depolarization to the rapid component 






FIGURE 1. Electrocardiogram during incessant 
supraventricular tachycardia demonstrating 
characteristic inverted P waves in leads Il, Ill and 
aVF. Note pauses of approximately 1 second in 
aVL and in the lead II rhythm strip (bottom), fol- 
lowed by a sinus beat and an aberrantly conducted 
supraventricular beat before reinitiation of 
tachycardia. 


INCESSANT ATRIAL TACHYCARDIA IN CHILDHOOD—EPSTEIN ET AL. 


of the bipolar deflection in the atrial electrogram. Charac- 
teristics of A-V conduction and refractoriness were assessed 
utilizing atrial and ventricular pacing and extrastimulus 
techniques. In addition, during supraventricular tachycardia 
premature ventricular depolarizations scanning the cardiac 
cycle were initiated at the right ventricular apex. Finally, at- 
tempts were made to reset or terminate the tachycardia with 
insertion of programmed premature extrastimuli and with 
rapid atrial and ventricular pacing. Sequential pacing, a 
technique in which the ventricular stimulus is delivered after 
the atrial stimulus at an interval programmed to be shorter 
than the intrinsic P-R interval, was not attempted.!° 

Surface lead V4 was recorded simultaneously with elec- 
trograms from the right ventricle, His bundle, high lateral 
right atrium and coronary sinus. Records were obtained on 
photographic paper at the time of study using an Electronics 
for Medicine DR 12 recorder. Intracardiac bipolar and uni- 
polar electrograms were filtered at frequencies of 40 to 500 
hertz. Pacing and extrastimulus studies were performed uti- 
lizing an optically isolated programmable stimulator. All 
electrical equipment was carefully grounded. 

Findings during tachycardia: The cycle length of the 
tachycardia ranged from 405 msec (150 beats/min) to 330 msec 
(182 beats/min). Attempts to terminate the tachycardia by 
rapid atrial pacing and by insertion of programmed premature 
extrastimuli in the right atrium and coronary sinus were un- 
successful. 

The tachycardia cycle length during recording of the atrial 
endocardial activation sequence was 355 to 405 msec. The 
earliest site of atrial activation was recorded in the proximal 
region of the coronary sinus, 275 msec after onset of the pre- 
ceding QRS complex (Fig. 2). Atrial activation occurred later 
at sites along the coronary sinus, in the right atrium and at the 
region of the His bundle. Eccentric atrial activation suggested 
that atrial tissue participated in the tachycardia directly, ei- 
ther as the result of an ectopic atrial focus or as the atrial in- 
sertion of an anomalous A-V connection. 

Premature ventricular depolarizations scanning the car- 
diac cycle during tachycardia were introduced at the right 
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FIGURE 2. Atrial activation sequence during reciprocating tachycardia. 
Diagram of cross section of the heart at the level of the atrioventricular 
(A-V) junction. Numbers refer to ventriculoatrial conduction intervals 
during reciprocating tachycardia. Earliest activation occurs proximal 
to the mid coronary sinus and is measurably different from atrial acti- 
vation in the region of the A-V node. RT = right. 
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ventricular apex. Figure 3 illustrates two instances in which 
premature ventricular stimuli resulted in premature afrial 
depolarization. These stimuli were delivered at a time when 
His bundle depolarization had already occurred, indicating 
that the specialized conduction system had been depolarized 
and was refractory tc conduction in the retrograde direction. 
These findings conclusively demonstrate the presence of an 
accessory A-V pathway in this patient. 

Two additional findings provided indirect evidence sup- 
porting a reentry rather than an ectopic mechanism. First, 
coincident with a veripuncture and presumably due to vagal 
influence, the tachyeardia cycle length prolonged progres- 
sively, the arrhythmia terminated and sinus rhythm ensued 
(heart rate = 50 to 70 beats/min) (Fig. 4). Sinus rhythm lasted 
only momentarily, but the abrupt termination of tachycardia, 
presumably in associmtion with altered autonomic tone, ap- 
peared to be more consistent with a reciprocating than with 
an ectopic mechanism. Second, a reset response! after in- 
sertion of programmed premature atrial stimuli during 
tachycardia was not ebserved. 

Conduction system characteristics: 1:1 A-V conduction 
persisted throughou£ the pacing study, and ventricular 
preexcitation was never observed. The A-H interval length- 
ened only slightly w:th right atrial pacing at progressively 
decreasing cycle lengths (Fig. 5A), the maximal value being 
only 100 msec at a heart rate of 250 beats/min (cycle length 
240 msec). Pacing from both the right atrium and coronary 
sinus resulted in development of incomplete right bundle 
branch block only at rapid heart rates (Fig. 6). 

During right ventricular pacing, V-A conduction was 1:1 
from 340 (176 beats/min) to 270 msec (222 beats/min). In- 


| 50 | 
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FIGURE 3. Premature ventricular stimuli during supraventricular tachycardia. Surface lead V4 is recorded with electrograms from the high lateral 
right atrium (HRA), region of the His bundle (HBE), right ventricular apex (RV) and distal coronary sinus (DCS). Stimuli (S) are delivered to the right 
ventricular apex at coupling intervals (Cl) of (A) 225 and (B) 240 msec after a spontaneous tachycardia beat, eliciting a premature ventricular de- 
polarization (V5). In both instances, the subsequent atrial depolarizations (^3) occur earlier than would have been expected by an interval equivalent 
to the prematurity of the ventricular extrastimulus. Note that the His bundle (H2) has been depolarized before the ventricular extrastimulus, making 
it refractory to conduction in the retrograde direction. A4, H4 and V, = atrial, His bundle and ventricutar electrograms during tachycardia. A» and 
H2 = spontaneous atrial and His bundle electrograms just before the premature stimulus. A3, H4 and V3 = atrial, His bundle and ventricular electrograms 


from the tachycardia beat after the premature stimulus (V3). 
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tervals measured from the right ventricular electrogram to the 
atrial electrogram in the coronary sinus increased from 280 
to 325 msec as the pacing cycle length decreased (Fig. 5B). 
Interval measurements from the right ventricle to the high 
lateral right atrium were similar to those measured in the 
coronary sinus. However, intervals measured from the right 
ventricular apex to the base of the septum (that is, the first 
rapid component of the ventricular electrogram from the His 


bundle catheter) were relatively short and, as the pacing cycle 
length decreased, this interval increased only from 21 to 43 
msec (Fig. 5B). These data demonstrated that conduction 
time from the right ventricular apex to the atria was relatively 
long compared with that through the ventricular myocardium, 
suggesting that the predominant conduction delay occurred 
between ventricular and atrial (coronary sinus) recording sites 
(Fig. 5B). Furthermore, because the V-A conduction interval 
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FIGURE 5. A, effect of right atrial (RA) pacing on con- T B. RV Pacing 
duction in the anterograde direction. Conduction through 
the A-V node (AH) increases only minimally (40 to 75 
msec) as the pacing cycle length decreases from 340 to 320 
250 msec. A more dramatic increase in conduction time 
is noted (AH remains less than 100 msec) as the pacing 
cycle length is decreased to 240 msec. Throughout — Vay ^ Aes , 
pacing, 1:1 conduction persists with no shorter cycle (msec) 
lengths tested. Note that the conduction time through the 50 
ventricular specialized conduction system (HV) remains » " 
constant in the normal range. B, effect of right ventricular 280 40 V. -V 
(RV) pacing on conduction in the retrograde direction. 3o RV ‘SEPTUM 
Conduction time from the right ventricular apex (Vry) to (msec) 
the atrial depolarization recorded in the coronary sinus 260 go d 
(Acs) lengthens progressively (280 to 325 msec) as the 10 
pacing cycle length decreases from 340 to 270 msec. L 
However, conduction through the ventricular myocardium O 240 260 280 300 320 340 360 


(Vrv-V septum) is not delayed, increasing only from 21 
to 43 msec as the cycle length decreases. 
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FIGURE 6. Pacing from the high lateral right atrium (HRA) at cycle lengths (CL) faster than that of the tachycardia results in modest increase of the 
A-H (AH) interval (50 to 100 msec) as the cycle length decreases. The H-V (HV) interval remains constant. Note that activation proceeds from the 
high lateral right atrium to the low medial right atrium, distal coronary sinus and then the His bundle, a sequence different from that during tachycardia 


(Fig. 3). Abbreviations as in Figure 3. 


increased with decreasing cycle lengths, decremental con- 
duction seemed to be present at the site of conduction delay. 
The hypothetical anatomy of the reentry circuit characterized 
by these data is illustrated in Figure 7. 


Discussion 


Mechanisms of the incessant tachycardia: In in- 
fants and children with supraventricular tachycardia 
a distinctive subgroup exists in which the tachycardia 
demonstrates (1) variability of heart rate, (2) abnormal 
P wave axis, and (3) initiation in association with ac- 
celeration of sinus rate without abrupt P-R prolonga- 


tion.1-?/7-H Furthermore, in certain cases the arrhyth- 
mia may be sustained or incessant, being interrupted 
by only brief periods of sinus rhythm. Only a few chil- 
dren with incessant supraventricular tachycardia 
without ventricular preexcitation have undergone de- 
tailed electrophysiologic studies*19.!? and, as a result, 
little is known regarding the mechanism of this tachy- 
cardia. 

The detailed electrophysiologic study in our patient 
with incessant supraventricular tachycardia demon- 
strates the presence of a reentry mechanism based on 
the following findings: (1) prolongation of the V-A in- 
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FIGURE 7. Diagram of hypothetical reentry circuit. An- 
terograde conduction through the atrioventricular (A-V) 
node and normal ventricular specialized conduction 
system would explain the normal QRS complex present 
during tachycardia. The presence of tissue exhibiting slow 
conduction in the retrograde limb of the circuit would 
explain the long ventriculoatrial conduction time and 
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of the atrium (A) from the low septal site, possibly ac- . 
counting for the inverted P waves in leads II, Ill and a VF. 
Stippled structures are those containing tissue capable 
of decremental conduction. H — His bundle; V — ven- 
tricle. 


terval in the presence of left bundle branch block, (2) 
premature atrial activation induced by premature 
ventricular depolarization during tachycardia at a time 
when the His bundle was refractory, and (3) eccentric 
atrial activation during tachycardia. In addition, pro- 
gressive increase of V-A conduction time with de- 
creasing ventricular pacing cycle length appeared to be 
localized to the retrograde limb of the tachycardia cir- 
cuit and suggested rate-dependent conduction prop- 
erties. These findings indicated that an accessory A-V 
pathway exhibiting atypical electrophysiologic char- 
acteristics!? participated in this patient's tachyar- 
rhythmia. | 
Characteristics of the accessory A-V pathway: 
Frequently initiation of paroxysmal supraventricular 
tachycardia is associated with abrupt prolongation of 
the P-R interval. Absence of P-R prolongation at the 
onset of tachycardia has been explained by Coumel et 
al.!! on the basis of slowing of conduction in the retro- 
grade limb of the reentry circuit. Thus, when a critical 
increase of sinus rate has been achieved, resulting in 
sufficient conduction delay in the retrograde limb of the 
reentry loop, the circuit is completed and a reciprocating 
tachycardia may be initiated. Coumel et al. suggested 
that an accessory pathway that exhibits conduction only 
in a V-A direction could provide the necessary con- 
duction delay if the pathway entered the A-V node (that 
is, nodoventricular pathway!8). Consequently, he pro- 
posed that the uppermost portion of the reentry circuit 
was intranodal and provided two principal arguments 
to support this view. First, the presence of rate-depen- 
dent conduction was thought to favor participation of 
at least a portion of the A-V node. Second, the A-H in- 
terval at the initiation of tachycardia was noted to be 
shorter than the A-H interval recorded in the immedi- 
ately preceding sinus rhythm. Coumel et al. interpreted 
the latter finding as suggesting diminished A-V nodal 
conduction time, implying bypass of a portion of the 
A-V node. However, this observation might also be 
considered analogous to the apparently shortened A-H 
interval often recorded during pacing from the coronary 
sinus compared with the A-H interval recorded during 
right atrial pacing.!? Therefore, the shorter A-H interval 
does not unequivocally exclude a reciprocating tachy- 
cardia utilizing an accessory A-V pathway entering the 
atria in the region of the proximal coronary sinus. 
Although the former argument of Coumel et al. is 
more compelling, the eccentric atrial activation se- 
quence in our patient suggests that the uppermost ex- 
tent of the accessory pathway is in the atrium rather 
than the A-V node. Furthermore, the data from our 
patient, along with the findings in the recent case study 
by Gallagher and Sealy,!? demonstrate that rate-de- 
pendent conduction properties may occur in the V-A 
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direction within the accessory pathway. In fact, an ac- 
cessory A-V pathway exhibiting histologic features that 
might result in rate-dependent conduction character- 
istics has been reported by James and Puech?? in a pa- 
tient with Wolff-Parkinson-White syndrome. They 
described a node-like region within an accessory A-V 
pathway connecting the left atrium with left ventricular 
myocardium, and indicated that, although cells re- 
sembling P cells of the sinus node comprised a majority 
of the node-like structure, transitional cells such as one 
sees within the A-V node were abundant and formed the 
ventricular end of the pathway. Similarly, recent re- 
ports??? of pathologic findings in patients with 
tachyarrhythmias have described distinct ectopic A-V 
node-like structures within the right atrium near the 
A-V junction. Furthermore, ectopically situated ac- 
cessory A-V nodal tissue has also been described in some 
forms of congenital heart disease such as (1) congeni- 
tally corrected (L-) transposition of the great vessels and 
single ventricle with inverted (L-) loop,?? and (2) 
congenitally corrected transposition of the great ves- 
sels.24 Although an association of these defects with 
complete heart block has long been recognized, ???6 
there has been no correlation with supraventricular 
tachycardias. 

Vagally mediated bradycardia: The syncopal spell 
that precipitated our patient's referral was probably the 
result of vagally mediated bradycardia similar to the 
episode recorded during venipuncture (Fig. 4). Previous 
investigators?7?8 have noted the occurrence of brady- 
cardia in patients with repetitive tachyarrhythmias and 
have suggested that diffuse conduction system disease 
may be the cause. Although this possibility. cannot be 
excluded entirely, the results of electrophysiologic 
testing in our patient failed to identify a specific basis 
for his bradyarrhythmia. 

Implications: Our findings tend to support the 
theory proposed by Gallagher and Sealy!? that tissue 
capable of rate-dependent conduction may be present 
in an A-V accessory pathway. Under these conditions, 
the variation in rate of tachycardia characteristic of the 
arrhythmia discussed here might be explained by sen- 
sitivity of this tissue to external neurohumoral influ- 
ences. However, the tendency of this arrhythmia to be 
resistant to pharmacologic agents suggests that our 
understanding of the electrophysiologic mechanisms 
is still incomplete. 
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Arterial compliance and indexes of ventricular ejection were measured 
in 27 men with systolic hypertension. The patients were separated into 
two age groups, younger or older than age 35 years, and matched with 
nofmotensive control subjects. Arterial compliance was estimated from 
analysis of the monoexponential blood pressure-time curve during diastole, 
according to a simple viscoelastic model. In the younger patients, arterial 
compliance and stroke volume were within normal ranges. Rapid ejection 
time was significantly reduced (P 0.001), indicating an increased ve- 
locity in the first part of ventricular ejection. Systolic pressure decreased 
significantly after administration of propranolol, which also caused pro- 
longation of rapid ejection time. In the older patients, indexes of ventricular 
ejection were within normal limits. Arterial compliance was significantly 
reduced (P <0.01) and was negatively correlated with the level of systolic 
pressure (P «0.001). Systolic pressure decreased significantly after 
administration of sodium nitroprusside, which caused an increase in ar- 
terial compliance. These findings provide evidence that: (1) the hemo- 
dynamic mechanisms of systolic hypertension differ in younger and older 
patients, and (2) these hemodynamic differences should be taken into 
account when choosing drugs to decrease systolic pressure. 


The importance of systolic hypertension as an independent risk factor 
in cardiovascular disease has been well established.! In men over age 45 
years, systolic rather than diastolic pressure is considered the stronger 
factor for risk of coronary heart disease; in younger men, diastolic 
pressure would be more important. Such observations suggest that the 
mechanism of systolic hypertension might be different in younger and 
older subjects and that this difference should therefore be taken into 
account in the choice of antihypertensive treatment.? 

Hemodynamic mechanisms of systolic hypertension have been poorly 
investigated in human beings because of difficulty in measuring arterial 
compliance, one of the main components of systolic pressure.^^ Indexes 
for arterial compliance can be derived? from the Windkessel theory, 
which assumes that the elasticity of the large arteries serves, like an air 
compression chamber, to dampen the pulsatile nature of flow. 

In this study, arterial compliance was estimated from analysis of the 
arterial pressure curve, using a simple viscoelastic model. Simulta- 
neously, appropriate measurements of ventricular ejection were made. 
Using these determinations, we studied the hemodynamic mechanisms 
of systolic hypertension in younger and older patients. 


Methods 
Selection of Patients 
The subjects of this study were 27 men with systolic hypertension and 24 men 
who served as normotensive control subjects. All were untreated or had dis- 


continued their therapy at least 4 weeks before investigation. They were hos- 
pitalized and fed a diet of 110 mEq/day of sodium. The diagnosis was based on 
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six serial blood pressure measurements taken on the 3rd and 
4th hospital days. Systolic hypertension was defined as a 
systolic arterial pressure of 160 mm Hg or more in a patient 
whose diastolic pressure was consistently 95 mm Hg or less.? 
Persons who had other medical conditions including aortic 
insufficiency, anemia, hyperthyroidism, arteriovenous fistula 
or fever at the time of blood pressure measurement were 
eliminated from the group with systolic hypertension. The 24 
normotensive control subjects had a systolic pressure less than 
160 mm Hg and were matched with patients with systolic 
hypertension, so that in the two groups (1) sex was identical, 
(2) diastolic pressure was within 10 mm Hg, and (3) age was 
within 5 years. No control subject was used more than 
once. 

Extensive investigations included timed intravenous py- 
elography and determinations of blood and urinary electro- 
lytes, catecholamines and endogenous creatinine clearance. 
No subject had cardiac or neurologic involvement. Patients 
with ischemic heart or cerebral disease or with arteritis of the 
legs were excluded from the study. Mean creatinine clearance 
was 104 + 4 ml/min per 1.73 m? (+ 1 standard error of the 
mean). All hypertensive patients were considered to have 
essential hypertension. Both patients with systolic hyper- 
tension and control subjects were classified according to age 
into those younger and those older than 35 years. Clinical 
characteristics of the matched groups are indicated in Table 
I. The protocol was approved by INSERM (Institut National 
de la Santé et de la Recherche Médicale). Informed consent 
for the investigations was obtained from the patients after a 
detailed description of the procedure. 


Hemodynamic Measurements 


The hemodynamic study was performed without premed- 
ication, after overnight fasting, on the 5th hospital day. To 
avoid extraneous psychic stimuli, use of the laboratory was 
restricted to persons immediately concerned with the study. 
Noise was therefore minimal and room temperature remained 
constant. With the subject in the supine position, a transcu- 
taneous catheter was inserted into the right and left antecu- 
bital veins, one for injection of indocyanine green and the 
other for drug administration. The investigation began at least 
30 minutes after insertion of the catheters. 

Arterial pressure was recorded on a Thomson Telco ap- 
paratus through a metallic no. 18 hypodermic needle inserted 
into a brachial artery. The needle was connected to a Statham 
P23db balanced resistive strain gauge by way of a special low 
compliance, short 10 cm catheter of Teflon? regularly flushed 
with heparinized Ringer's lactate solution. No significant 
distortion existed in the recorded signal. The system was 
checked with both time- and frequency-domain measure- 
ments and showed a flat response beyond 80 hertz. Inspection 
of the oscilloscope of recorded curves for about 1 minute 


TABLE | 


Clinical Characteristics of Control and Hypertensive Groups* 


. 
* 
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permitted representative pressure pulses to be selected for 
analysis. 

Cardiac output was determined in triplicate with the in- 
docyanine green dye-dilution technique, using a Waters cu- 
vette and densitometer as previously described,? and was 
expressed in ml/min per m? after correction for body surface 
area. Heart rate was derived from the R-R interval in the 
electrocardiogram. Stroke index was the ratio between cardiac 
index and heart rate. 

Determination of systemic arterial compliance: Ac- 
cording to the experiments of Spencer and Denison,’ the ar- 
terial system can be treated as a simple model that discharges 
during diastole into a single resistance representing the vas- 
cular bed. Equations of the model are obtained from its elec- 
trical analog, the RC model, which associates in series a ca- 
pacitance element (C) and a resistive element (R). Such a 
model has two fundamental characteristics: (1) its discharges 
monoexponentially as a function of time, and (2) the time 
constant (7) of the svstem, that is, the reciprocal of the ex- 
ponential slope discharge, represents the product of the ca- 
pacitance (C) and the resistance 


r2CxR. (1) 


Thus, compliance is calculated according to the formula c = 
T/R. Validation of the model requires (1) verification of the 
monoexponential form of the pressure decay during diastole, 
and (2) demonstration of a proportional relation through 0 
between the diastolic decay time constant (7) and the total 
peripheral resistance. The two points have previously been 
validated9-!! and were verified in all subjects in our study. 
Because diastolic pulse pressure differences at various levels 
in the ascending aorta and brachial artery are very small and 
of little significance from the point of view of the approxi- 
mations involved in determining compliance,*!':!? the de- 
scribed compliance was termed systemic arterial compliance. 
In practice, simultaneous measurements of total peripheral 
resistance and 7 were necessary according to equation (1). 
Total peripheral resistance (TPR) was calculated from the 
following formula TPR (mm Hg/ml per sec) = MAP/CO, 
where MAP is mean arterial pressure (mm Hg) and CO is 
cardiac output (ml/sec). As shown in the Appendix, the 7 value 
was equal to 7 = DT/(log Ps — log Pd), Ps is the end-systolic 
pressure (mm Hg), Pd the end-diastolic pressure (mm Hg) and 
DT the diastolic time (second) (Fig. 1). With use of a 40 
mm/sec speed recorder, end-diastolic and systolic pressures 
and the duration of diastole were measured directly from the 
brachial pulse tracings, in which the incisura marks the closure 
of the aortic valve. Blood pressure was recorded just before 
and immediately after three cardiac output determinations, 
enabling three values of compliance to be calculated. Arterial 
compliance was the mean of the three values. The reproduc- 
ibility of the method was 10 + 3 percent. The normal values 








Younger Group Older Group 
Subjects Subjects 
With With 
Systolic Systolic 
Control Hyper- Control Hyper- 
Subjects tension Subjects tension 
no. of subjects 13 13 11 11 
Age (yr) 27 d: 1 26+ 2 51+ 1 61:2 
Weight (kg) 75 3 74 3 8215 75 X2 
Body surface area (m?) 1.88 + 0.04 1.92 + 0.04 1.94 + 0.06 1.85 + 0.02 


* Values are expressed as mean + 1 standard error of the mean. 
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of the laboratory according to age were 2.85 + 0.56 ml/mm Hg 
for subjects between age 20 and 45 years and 2.20 + 0.27 
ml/mm Hg for those between age 45 and 60 years; these data 
are in agreement with previous data in men.11-13 
Determinations of systolic ejection times (Fig. 1): From 
a rapid recording (100 mm/sec) of the arterial pressure pulse 
wave, left ventricular ejection time, rapid ejection time’ and 
diastolic time were measured. Determinations of diastolic time 
at 100 and 40 mm/sec speed yielded nonsignificant differences. 
For the measurements of both left ventricular ejection and 
rapid ejection times, the onset was the foot of the diastolic 
pressure curve. This was defined by extrapolating the wave 
front downward and finding the intersection of this line with 
a straight line extrapolation of the last part of the diastolic 
curve.? The end points of the ejection times were the nadir of 
the incisura for left ventricular ejection time and the peak 
pressure (systolic pressure) for rapid ejection time.!4 Mea- 
surements from 10 consecutive pulsations were averaged. 
Rapid ejection time (RET) was expressed both in absolute 
values and in percent of left ventricular ejection time (RET/ 
LVET ratio). Left ventricular ejection rate index was the ratio 
between stroke index and left ventricular ejection time. 


Administration of Drugs 


Propranolol: In 11 younger and 11 older patients with 
systolic hypertension, the hemodynamic investigation was 
performed before and 10 minutes after bolus intravenous 
administration of 0.2 mg/kg of dl-propranolol, a dosage known 
to produce effective beta adrenergic blockade.!* 

Sodium nitroprusside: In six older and six younger pa- 
tients with systolic hypertension, hemodynamic indexes were 
determined before and after intravenous administration of 
sodium nitroprusside. Sodium nitroprusside (100 y/ml of 5 
percent glucose) was perfused with a Harvard pump at a rate 
of 0,3 y/kg per min and progressively increased to a maximum 
of 1 y/kg per min to obtain a 25 percent decrease in systolic 
pressure! in the older patients with systolic hypertension. 
The same doses were given to the younger patients. Thus, in 
the younger group, the dose was not adjusted to obtain the 
same end point as in the older group. In patients who received 
both sodium nitroprusside and propranolol, propranolol was 
given 30 minutes after perfusion with sodium nitroprusside 


TABLE Il 
Hemodynamic Measurements* 


Younger Group 
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FIGURE 1. Determination of pressures and systolic ejection times 
in an idealized arterial pressure curve (see text and Appendix). DT — 
diastolic time; LVET = left ventricular ejection time; P4 = end-diastolic 
pressure; P, — end-systolic pressure; RET - rapid ejection time. 


had been stopped and blood pressure had returned to control 
values. 

Statistical comparisons in all experiments were made using 
Student's t test.!6 Correlation coefficients were calculated 
according to classical methods.!6 


Results 


Younger Group 


Study in basal conditions (Table IT): In comparison 
with the control subjects, patients with systolic hyper- 
tension had normal values for cardiac index, stroke 


MM S S ONO ena EE SR PNIS OIE HR MN 307 t HR ERN SE E a aka ETP 
SAP (mm Hg) 


Control 
Subject 
145+ 1 
DAP (mm Hg) 84+ 1 
CI (ml/min per m?) 4497 + 236 
SI (mI/m?) 65 3 
TPR (dynes sec cm") 1021 + 47 
SAC (ml/mm Hg) 2.67 + 0.15 
R-R interval (msec) 877 X 15 
LVET (msec) 326 + 6 
SI/LVET (ml/sec per m?) 199+ 8 
RET (msec) 163 +5 
RET/LVET (96) 81 EN 
* All values are expressed as mean + 1 standard error of the mean. 
t P «0.01. 
t P «0.001. 


Older Group 
Patients Patients 
With With 
Systolic Systolic 
Hyper- Control Hyper- 
tension Subjects tension 
174 + 21 152 4-2 183 + 41 
83 + 2 85+2 85 12 
4048 + 198 3535 + 196 3549 + 214 
59 13 51+3 52+4 
1180 + 60 1276 + 65 1467 + 89 
2.45 + 0.23 2.18 + 0.16 1.41 + 0.08! 
883 + 34 878 + 49 898 + 63 
316 + 12 339 + 5 347 + 17 
190 + 13 152 x 1 150 + 17 
118 + 7! 178+8 171+ 10 
38 + 2t 52 £2 51+3 


Cl = cardiac index; DAP = diastolic arterial pressure; RET = rapid ejection time; RET/LVET = rapid ejection time/left ventricular ejection time; 
SAC = systemic arterial compliance; SAP = systolic arterial pressure; SI = stroke index; SI/LVET = stroke index/left ventricular ejection time 


ratio; TPR = total peripheral resistance. 
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FIGURE 2. Relation of systolic arterial pressure (SAP) to the rapid ejection time/left ventricular ejection time (RET/LVET) ratio in younger patients 
(left) and to systemic arterial compliance (SAC) in older patients (right). p — probability; r — correlation coefficient. 


+40 CENTRAL HEMODYNAMICS EJECTION INDICES 
+49) | AND ARTERIAL COMPLIANCE 
















+30 +30 eee 
* 20 +20 
+10 +10 
0 oj SAVET [i [M] PROPRANOLOL 
RET/LYET SAC 
ae — 10 
20 eee —20 
se 
rA 30 
w — — 
O 30 
z 
i 
o eee 
i +60 +60 
u 
ai 
a +40 +40 
+30 +30 
+20 + 20 
+10 +10 
l 
E Lee au AME. BS, UIS Men NITRO PRUSSIDE 
— 10 — 10 
— 20 — 20 
—30 — 30 


UNSIGNIFICANT B SIGNIFICANT 

CHANGE CHANGE 
FIGURE 3. Hemodynamic effects of propranolol and nitroprusside in the younger group of patients with systolic hypertension. Cardiac output after * 
administration of propranolol was determined in only four patients. DAP — diastolic arterial pressure; RET/LVET — rapid ejection time/left ventricular 


ejection time; SAC — systemic arterial compliance; SAP — systolic arterial pressure; SI = stroke index; SI/LVET = stroke index/left ventricular 
ejection time; TPR = total peripheral resistance;* P «0.05;** P «0.01;*** P «0.001. 


508 September 1979 The American Journal of CARDIOLOGY Volume 44 


-* 
ES 
* 


index (SI), systemic arterial compliance, R-R interval, 
left ventricular ejection time (LVET) and SI/LVET 
ratio. The rapid ejection time (RET) and the RET/ 
LVET ratio were significantly reduced (P «0.001). In 
all patients (control subjects and hypertensive patients), 
systolic pressure was negatively correlated with the 
RET/LVET ratio (r = —0.75; P «0.001)(Fig. 2) but not 
with stroke volume (r = —0.28) or arterial compliance 
(r = —0.11). 

Administration of antihypertensive drugs: The 
percent changes of hemodynamic indexes after pro- 
pranolol and sodium nitroprusside administration are 
indicated in Figure 3. After propranolol administration, 
systolic pressure decreased significantly (P «0.001) 
without significant change in diastolic pressure. The 
R-R interval increased (P «0.01), but stroke index and 
total peripheral resistance did not change significantly. 
'The RET/LVET ratio increased markedly (P «0.001), 
without significant changes in SI/LVET ratio and ar- 
terial compliance. 

After sodium nitroprusside administration, systolic 
and diastolic pressures remained unchanged. Stroke 
index and R-R interval decreased (P «0.05). Arterial 
compliance increased (P «0.001) but SI/LVET and 
RET/LVET ratios did not change significantly. 


Older Group 


Study in basal conditions (Table II): In comparison 
with the control subjects, patients with systolic hyper- 
tension had normal values for cardiac index, stroke 
index, R-R interval and ejection time. Systemic arterial 
compliance was significantly reduced (P «0.01). In all 


+ 40 CENTRAL HEMODYNAMICS Tm *40 


PER CENT CHANGE (%) 
* 
o 
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FIGURE 4. Hemodynamic effects 
of propranolol and nitroprusside in 
the older group of patients with -20 
‘systolic hypertension. Cardiac 
output after administration of pro- 
pranolol was determined in only six 
patients. 
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patients, systolic pressure was negatively correlated 
with arterial compliance (r = —0.76; P <0.001) (Fig. 2), 
but not with stroke index (r = —0.01) or the RET/ 
LVET ratio (r = —0.004). The curve of the relation be- 
tween systolic pressure and arterial compliance was 
rather curvilinear than linear; reduction of compliance 
from 3.2 to 1.8 ml/mm Hg did not increase systolic 
pressure in normal control subjects, but a reduction 
from 2 to 1.2 ml/mm Hg led to an abrupt increase in 
systolic pressure in patients with systolic hyperten- 
sion. 

Administration of antihypertensive drugs: The 
percent changes of hemodynamic variables after pro- 
pranolol and sodium nitroprusside administration are 
indicated in Figure 4. After propranolol administration, 
systolic and diastolic pressures remained unchanged. 
There was an increase in R-R interval (P <0.001), a 
decrease in stroke index (P «0.01) and a significant - 
increase in total peripheral resistance (P «0.001). Both 
the SI/LVET ratio and arterial compliance were sig- 
nificantly decreased (P «0.05; P «0.01, respectively). 

After administration of sodium nitroprusside, sys- 
tolic pressure decreased significantly (P <0.01) without 
significant change in diastolic pressure and R-R inter- 
val. Stroke index decreased (P «0.05). Arterial com- 
pliance increased (P «0.001) whereas the SI/LVET 
ratio decreased (P «0.05). 


Comments 


As is well established,59.14 systolic pressure is mainly 
determined from the left ventricular stroke volume, the 
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peak rate of ejection and the distensibility of the arterial 
walls. In our study, these three variables were studied 
before and after acute administration of two antihy- 
pertensive drugs—propranolol, which induces a de- 
crease in cardiac output and an increase in total pe- 
ripheral resistance through beta adrenergic blockade, !® 
and sodium nitroprusside, a potent vasodilating agent 
acting on both the arterial and the venous side of the 
circulation.?-197 The evaluation revealed different 
hemodynamic mechanisms for systolic hypertension in 
younger and older patients. 

Systolic hypertension in the younger patients: In 
younger patients, indexes of ventricular ejection were 
altered. Although stroke volume, left ventricular ejec- 
tion time and stroke index/left ventricular ejection time 
(SI/LVET) ratio were within normal ranges, rapid 
ejection time was significantly reduced. Because the 
heart discharges most of its stroke volume during the 
rapid ejection phase,!4 a more rapid velocity during the 
first part of systolic ejection could explain this form of 
systolic hypertension. The strong negative relation 
between the rapid ejection time/left ventricular ejection 
time (RET/LVET) ratio and systolic pressure in the 
younger patient also reflects this interpretation. 

Because the RET/LVET ratio varied widely in the 
group of patients with systolic hypertension, the factor 
of mild reduction in arterial compliance could be con- 
sidered, as in patients with aortic coarctation.!9.19 
However, basal systemic compliance was within normal 
ranges. In addition, the increase in arterial compliance 
caused by administration of sodium nitroprusside did 
not change the systolic pressure and the RET/LVET 
ratio and confirmed the predominant role of altered 


(LogPs- Log Pd)/DT 





o 1 
SLOPE OF THE DIASTOLIC DECAY (real value) 


O NORMAL SUBJECTS 
€ HYPERTENSIVES 


FIGURE 5. Relation between the real value of the slope of the diastolic 
pressure decay (semilogarithmic scale) and the approximated value 
derived from equation (5) (see Appendix). Note that the slope of the 
curve (0.91) is not significantly different from 1 and that the intercept 
is close to 0. DT — diastolic time; Pd — end-diastolic pressure; Ps — 
end-systolic pressure. 
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ventricular ejection in the mechanism of systolic hy- 
pertension. A 

Shorter systolic periods without significant change 
in stroke volume are consistent with an increased 
sympathetic overactivity, which is considered a main 
characteristic of young men with borderline or moderate 
hypertension.?1-?? These observations suggest that in- 
creased sympathetic tone may be operative in young 
patients with systolic hypertension and may explain the 
hemodynamic findings. In favor of this mechanism is 
the effect of beta adrenergic blockade: Propranolol in- 
duced both an increase in rapid ejection time and a 
marked decrease in systolic pressure: | 

Systolic hypertension in older patients: In older 
patients indexes of ventricular ejection were within 
normal ranges. In contrast, arterial compliance was 
significantly reduced, suggesting the role of reduced 
distensibility in the mechanism of systolic hypertension 
in older persons. This interpretation is in accord with 
the finding of a strong negative correlation between 
compliance and systolic pressure in the older pa- 
Gents. 

The action of antihypertensive drugs confirmed this 
hypothesis. Administration of propranolol did not seem 
to have a specific effect in the older subjects. In these 
patients, the decrease in stroke volume and the increase 
in total peripheral resistance were more significant than 
in the younger group, causing a decrease both in the 
SI/LVET ratio and in arterial compliance. The two 
opposite effects could be an explanation for the un- 
changed systolic pressure after propranolol adminis- 
tration. Sodium nitroprusside had more characteristic 
effects than propranolol; the increase in arterial com- 
pliance was associated with a significant decrease in 
systolic pressure. However, the same dosage of nitro- 
prusside as in the younger group induced a lesser in- 
crease in heart rate, probably due to the reduction in 
baroreceptor sensitivity with age.!5 Thus, a decrease in 
the SI/LVET ratio resulted from the impaired reflex 
adjustment and participated in the reduction in systolic 
pressure. 

The reduced arterial compliance in older patients 
could be due either to an alteration in the arterial wall 
or to a diminution of aortic distensibility occurring with 
greater diastolic pressure levels.?3-25 The latter mech- 
anism results from the curvilinear aspect of the pres- 
sure-volume relation in large arteries?*: the greater the 
pressure, the lesser the compliance, that is, the slope of 
the pressure-volume relation. Because diastolic pressure 
was similar in patients with systolic hypertension and 
in matched control subjects, the role of the pressure 
level as the only factor of decreased compliance did not 
seem likely. Thus, the reduced compliance in older pa- 
tients points to an increased rigidity in the arterial wall. 
This interpretation is consistent with (1) the progressive 
loss of aortic distensibility observed with aging,?? and 
(2) the frequency of arterial calcification or athero- 
sclerotic lesions, or both, in older patients with systolic, 
hypertension.?6 | | 

Clinical implications: Our findings demonstrate 
that the hemodynamic characteristics of systolic hy- 
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pertension differ in younger and older patients. Because 
reduction of systolic pressure may be important in re- 
ducing morbidity and mortality, the hemodynamic 
patterns should be kept in mind when selecting anti- 
hypertensive treatment. We suggest that blocking 
drugs, which increase rapid ejection time, are a better 
choice in younger patients and that perhaps nitro- 
prusside-like drugs, which increase arterial compliance, 
are indicated in the older age group. 
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APPENDIX 


Because the pressure (p)-time(t) curve during diastole is 
of an exponential type, the time constant of the diastolic 
pressure decay can be calculated as follows: 


p = po. eC t7) (2) 
For a duration of diastole (DT): 
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pd = po e(-PT/7), (3) 


where pd is the end-diastolic pressure and po represents the 
pressure at the onset of diastole, that is the end of the previous 
systole (Fig. 1). The value po may be approximated by end- 
systolic pressure ps, so that: 


pd = ps e ^ DT/7). (4) 
Thus, 
Tt = DT/(log Ps — log Pd). (5) 


In 44 patients (12 normal subjects and 32 hypertensive 
patients) studied in our laboratory, the exponential slope of 
the diastolic pressure decay was directly measured by plotting 
the pressure-time curve on a semilogarithmic scale during 
diastole. For this purpose, the last two thirds of the diastolic 
pressure contour was sampled at 25 msec intervals and the 
onset of diastole was excluded to minimize errors caused by 
aortic valve closure. This real value of the diastolic decay slope 
was compared with the approximated value calculated from 
equation (5). Figure 5 shows that the two types of determi- 
nations gave identical results. 
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page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals: Table |, ll, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

« Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing a/l authors: 


31. Vismara LA, Vera Z, Miller RR, Mason DT: Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: Diseases of the tricuspid valve, chap 20. 
In, Heart Disease in Infants, Children and Adolescents (Moss AJ, Adams F, ed). 
Baltimore, Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 
36. Berne E: Principles of Group Treatment. New York, Oxford University Press, 1966, p 


(Author: all book references should have specific page numbers.) 
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We uncrate it for you, 
install it and see that 
ifs operating correctly. 


It takes special training even to un- 
crate the Roche AVCO Intra-Aortic 
Balloon Pump correctly. That's why 
we insist on doing it for you! After 
uncrating, after installation, after 
checkout...your warranty begins. 
Most other companies leave you 
on your own. 








The Roche AVCO IABP has 
a warranty for a full year. 


In addition, service is available for as 
long as you use it. Specially trained 
field service technicians are avail- 
able 24 hours a day, 7 days a week. 





TA 
es 
"en 















We train your personnel 
in its use, now and 
in the future. 


Our cardiovascular training special- 
ists come to your hospital at a desig- 
nated date at no charge to you and 
instruct your personnel in a formal 
training program: You support your 
patients better, because we support 
you better. Furthermore, within six 
months we will send our cardiovas- 
cular training specialist to participate 
in your first use of the Roche AVCO 
IABP, or conduct a refresher course 
for trained personnel or train new 
personnel in your hospital. Additional 
training courses are available in all 
parts of the country, and special 
sessions can be scheduled as you 
feel necessary for as long as you own 
.the equipment. No other company 
we know of works so hard to help 
you help your patients. 














jig EC (iacu Roche Medical Electronics Inc. 
Cranbury, New Jersey 08512 
Gentlemen, O Please have a representative call to set up an ap- \ 


pointment to demonstrate the Roche AVCO IABP 
C] Please send additional literature 







i l 
| 

| 
BT ei) ea NEES AUNE ECE > Lor | 
| : | 
A Hospital l 


Address 


\ 


— —À 9s tS 8 cmn cee ee o o |o c ee | 


For specific ventricular arrhythmias’ S 


disopyramide phosphate 
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“Indicated for premature ventricular 
contractions (PVCs)...unifocal, multifocal 
or paired PVCs...episodes of ventricular 
tachycardia. 


"d 


Particularly well suited to initial therapy 


Demonstrated efficacy 


Intensive clinical studies conducted prior to the 
release of Norpace (disopyramide phosphate) 
established its efficacy as an antiarrhythmic agent. 
And in the short time since its introduction, the 
drug has been employed in thousands of patients— 
most frequently initiated in the hospital, where the 
most challenging, critically ill patients are found. 
Norpace is now regularly prescribed by increasing 
numbers of cardiologists who have given it a 
rapidly expanding base in both hospital and 
outpatient use. 

The efficacy of Norpace, proven in the clinical 
trials and confirmed in the more difficult hospital- 
ized patients, qualifies it for initial therapy in newly 
diagnosed cases of ventricular arrhythmia. Such 
effectiveness was documented during a double- 
blind, multicenter clinical study involving five 
investigators." 





More favorable side-effects profile 


When compared with quinidine sulfate, Norpace 
is notable for its lower incidence of severe side 
effects. These are mainly anticholinergic in nature, 
are usually mild and generally transient. If urinary 
hesitancy or other genitourinary side effects occur, 
they are often dose related and frequently may be 
managed by downward titration of the dose of 
Norpace. Urinary retention, however, may occa- 
sionally occur, particularly in the older patient. 
Males with benign prostatic hypertrophy are at 
particular risk. 

The lupus-like syndrome often associated with 
procainamide therapy has not been seen with 
Norpace, even after several years of continuous 
Norpace therapy. 


Lower dropout rate than quinidine 


Efficacy of Norpace, coupled with its low inci- 
dence of severe side effects, can mean signifi- 
cantly fewer dropouts among your dysrhythmic 
patients. In a clinical study involving 62 patients in 
each treatment group, only 8.196 of patients dis- 
continued Norpace therapy, as compared with 
35.596 who discontinued quinidine. 


High level of compliance 


Even the best medication may not be taken as 
prescribed if it causes problems for the patient. 
With Norpace you are prescribing not only an 
effective medication, but you are prescribing one 
you can be reasonably confident the patient will 
take in accordance with your instructions. 


Important considerations 
when prescribing 
Nor pace (disopyramide phosphate) 


Patients with compromised cardiac function due 
to any cause may experience either hypotension 
or a worsening of cardiac decompensation when 
taking drugs with negative inotropic effects, and 
the physician should be aware of this possibility 
with Norpace. Since Norpace is primarily excreted 
by the kidney, patients with renal impairment will 
require a reduced dosage due to prolongation 
of the effective half-life. 

The dosage of Norpace should be individualized 
for each patient, and the Complete Prescribing 
Information consulted before prescribing. Special 
attention to the sections on Clinical Pharmacology, 
Warnings, and Precautions will be helpful in de- 
termining the proper dosage, particularly for the 
more complex patient. 


Conclusion: Norpace represents a logical choice 
for both initial and maintenance therapy either 
in hospitalized patients or in outpatients. 


| Searle Laboratories 


SEARLE Division of Searle Pharmaceuticals Inc. 


j Box 5110, Chicago, IL 60680 
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Please see the next page for a brief summary of prescribing information. 
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NOPPace 
(disopyramide phosphate) 


Right from the start 


Before prescribing Norpace (disopyramide phosphate), please consult 
current complete prescribing information, a summary of which follows: 


Indications: Norpace is indicated for suppression and prevention of 
recurrence of the following cardiac arrhythmias when they occur singly 
or in combination: unifocal premature (ectopic) ventricular 
contractions; premature (ectopic) ventricular contractions of multifocal 
origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia 
is ordinarily treated with D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias in both 
digitalized and nondigitalizec patients. It is also equally effective in 
treating primary cardiac arrhythmias and those which occur in 
association with organic heart disease including coronary artery 
disease. Oral Norpace has not been adequately studied in patients with 
acute myocardial infarction or in patients with persistent ventricular 
tachycardia or atrial arrhythmias and is not indicated for arrhythmias 
due to digitalis intoxication. The value of antiarrhythmic drugs in 
preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. 


Contraindications: Cardiogenic shock, preexisting second- or third- 
degree AV block (if no pacemaker is present), or known hypersensitivity 
to the drug. 


Warnings: Severe hypotension has been observed primarily in 
patients with primary cardiomyopathy or inadequately compensated 
congestive heart failure. If hypotension develops Norpace should be 
discontinued promptly unless hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly compensated 
or uncompensated congestive heart failure unless it is exacerbated by 
or caused by an arrhythmia and proper treatment including optimal 
digitalization has been accomplished. In patients with marginally 
compensated heart failure or with a history of heart failure, Norpace 
may worsen cardiac decompensation. In these patients, progressing 
congestive heart failure should generally be treated with cardiac 
glycosides and diuretics and the course of treatment closely followed. 
Norpace dosage should be reduced or discontinued if adequate 
control of congestive failure is not attained. Patients receiving 
concomitant therapy with more than one antiarrhythmic drug must be 
carefully monitored for serious negative inotropic effects or excessively 
prolonged conduction, evidenced by widening of the QRS complex 
and/or prolongation of the Q-T interval. 

If first-degree heart block develops, the dosage of Norpace should 
be reduced. If the block persists, continuation of Norpace must depend. 
upon an assessment of the benefit versus the risk. Development of 
second- or third-degree AV block or uni-, bi- or trifascicular block 
requires discontinuation of Norpace, unless the ventricular rate is 
adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not be 
used in patients with glaucoma, myasthenia gravis or urinary retention, 
unless adequate overriding measures are taken. 


Precautions: If significant widening (greater than 2596) of the QRS 
complex occurs, Norpace should be discontinued. If Q-T prolongation 
greater than 2596 occurs and if ectopy continues, monitor closely and 
consider discontinuing Norpace. 

Patients with atrial flutter or fibrillation should be digitalized prior to 
Norpace administration to ensure that drug-induced enhancement of 
AV conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. 

The effect of Norpace is presently uncertain in patients with sick 






sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch 
block. 

Patients with myocarditis or other cardiomyopathy may develop 
significant hypotension in response to the usual dosage of Norpace. 

Norpace should be administered cautiously to patients who are 
receiving or who have recently received other antiarrhythmic drugs. 
Excessive widening of the QRS complex and/or prolongation of the Q-T 
interval may occur in such instances. 

Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for 
signs of overdosage. 

Antiarrhythmic drugs mav be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit should be corrected before instituting 
Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not been 
established. Norpace has been reported to stimulate contractions of the 
pregnant uterus. The use of Norpace in pregnant women requires that 
the potential benefit be weighed against possible hazards to the fetus. 

Itis not known whether disopyramide is excreted in human milk. 
However, studies in rats have shown that the concentration of 
disopyramide and its metabolites is up to three times greater in milk 
than in plasma. If use of the drug is deemed essential, an alternate 
method of infant feeding should be instituted. 

Labor and Delivery: The effects of Norpace on the fetus during delivery 
or on the course of labor and delivery are unknown. 

Pediatrics: The safety and effectiveness of Norpace in children have 
not been established. 


Adverse Reactions: Anticholinergic: dry mouth, urinary hesitancy, 
constipation, blurred vision, dry nose/eyes/throat, urinary retention. 
Genitourinary: urinary frequency and urgency. Gastrointestinal: nausea, 
pain/bloating/gas, anorexia, diarrhea, vomiting. General: nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise. 
Cardiovascular: hypotension, congestive heart failure, cardiac 
conduction disturbances, edema/weight gain, shortness of breath, 
syncope, chest pain. Dermatologic: generalized rash/dermatoses. The 
following have occurred, but a causal relationship is uncertain: 
impotence, depression, insomnia, dysuria, and hypoglycemia (usually in 
patients with impaired liver function). Acute psychosis, cholestatic 
jauncice, and agranulocytosis, all three reversible, have been reported. 


Dosage and Administration: Dosage must be individualized for each 
patient on the basis of response and tolerance. The usual adult dosage 
is 400 to 800 mg per day civen in divided doses four times daily. The 
recommended dosage schedule for most adults is 150 mg every six 
hours. For patients weighing less than 110 pounds (50 kg) the 
recommended dosage is 100 mg every six hours. 

If rapid control of arrhytnmia is essential, an initial loading dose of 
300 mg of Norpace (200 mg for patients weighing less than 110 
pouncs) is recommended For patients with cardiomyopathy or possible 
cardiac decompensation, a loading dose should not be given and the 
initial dose limited to 100 mg every six hours, with subsequent dosage 
adjustments made gradually under close monitoring. 

See current complete prescribing information for dosage 
recommendations. 


How Supplied: Capsules containing 100 mg or 150 mg of disopyramide 
base. Available in bottles cf 100 and 500 capsules. 


Searle Labcratories 
SEARLE | Division of Searle Pharmaceuticals Inc. 


Box 5110, Chicago, IL 60680 9N2 
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NEW ; 
SELACRYN 
-ticrynafenz 


Proven Consistent Reduction of Elevated Blood Pressure... 
Once-a-Day Dosage’ 


New 'Selacryn' gives your patient the benefits of known, dependable anti- 
hypertensive activity. Clinical experience in more than 500 hypertensive 
patients proves that 'Selacryn' provides all the antihypertensive effect you 
expect from a diuretic. Double-blind studies establish that Selacryn' pro- 
vides an antihypertensive effect equal to that of hydrochlorothiazide, and 
that Selacryn' exerts its antihypertensive effect when administered once a 
day. For patients not responding to 250 mg. once daily, dosage may be 
increased to 500 mg. once daily or 250 mg. administered twice daily. 
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SELACRYN vs. HYDROCHLOROTHIAZIDE IN HYPERTENSIVE PATIENTS — SIX- MONTH STUDY 
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These charts present results from a six-month multi-center double-blind study involving 71 hypertensive patients 
receiving 'Selacryn' (250 or 500 mg./day) and 72 hypertensive patients receiving hydrochlorothiazide (50 or 100 
mg./day). Active medication was preceded by a one-week drug-free period and two or three weeks on placebo. 
Differences between the two medications in antihypertensive effect were not statistically significant.' 


1. Data on file, SK&F Medica! Department. 


A Single-Entity Diuretic 


You Can Prescribe 
with Confidence 


Comprehensive Testing in Laboratory and Clinic! 


Thorough testing, in every phase of research, has established both the 
efficacy and safety of Selacryn'. Selacryn' has been administered in 
clinical studies to more than 500 patients with hypertension and 114 
with congestive cardiac failure. More than one hundred of these patients 
have been treated with Selacryn for 12-36 months. 


Reduce Dosage of Concomitant Oral Anticoagulants 


‘Selacryn’ potentiates oral anticoagulants; use caution when using these 
drugs together. In such patients, reduce the oral anticoagulant to one- 
quarter or one-half the maintenance dose, monitor prothrombin time 
through titration until stabilized. 


Maintain Adequate Fluid Intake with Initial Doses of Selacryn? 
brand of ticrynafen 

For patients switched to Selacryn' from other diuretics, and for dehy- 

drated patients, hydration is recommended for three days before and 

three days after starting ‘Selacryn’, as well as discontinuation of the 

diuretic for three days in hypertensive patients and for one to two days 

where feasible in patients with congestive cardiac failure. Since initial 

doses of ‘Selacryn’ produce diuresis as well as uricosuria, urinary uric 

acid concentration does not increase in well-hydrated patients who can 

increase urine flow. 


Potassium Supplements Are Usually Not Necessary 


Selacryn is similar in kaliuretic effect to hydrochlorothiazide, 

and potassium supplementation may be advisable in some patients. 
All patients receiving diuretic therapy should be observed for 
clinical signs of fluid or electrolyte imbalance. 

Some patients who received Selacryn and triamterene have shown 


marked elevation of BUN and creatinine. Therefore, such a combination 
is not recommended. 





See following page for brief summary of contraindications, warnings, precautions, 
drug interactions, and adverse reactions. 


1. Data on file, SK&F Medical Department. 
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| Lowers Blood Pressure 


Before prescribing, see complete prescribing information in SK&F 
literature. The following is a brief summary. 


Indications: Hypertension, with or without elevated uric acid levels. Salt 
and water retention states associated with congestive cardiac failure. 


Contraindications: Anuria, severe or progressive renal disease, hyper- 
sensitivity to the drug, known renal uric acid calculi. 


Warnings: Potentiates the action of oral anticoagulants; caution should 
be exercised when these agents are used with 'Selacryn'; reduce anti- 
coagulant dosage to 1/4 or 1/2 of the maintenance dose, and carefully 
monitor prothrombin time until stabilized. 


Concomitant use with triamterene is not recommended since a marked 
elevation of BUN and creatinine may occur. 

Not appropriate in hepatic ascites. May precipitate azotemia in progres- 
sive or advanced renal disease; therefore, frequent electrolyte, creatinine 
anc BUN determinations should be performed early in therapy and 
periodically thereafter. Discontinue the drug if renal impairment 
progresses. 

Pregnancy, Nursing: 'Selacryn' crosses the placental barrier in animals. 
Routine use of diuretics during normal pregnancy is inappropriate and 
exposes mother and fetus to unnecessary hazard. Use in pregnancy 
requires weighing anticipated benefits against possible hazards. 
Generally, nursing should not be undertaken while a patient is on a drug. 


Precautions: Substantial uricosuria occurs within hours after the first 
dose of 'Selacryn'; for this reason, hypertensive patients switching from 
other diuretics should discontinue diuretics for 3 days before starting 
'Selacryn'; where feasible, diuretics should be discontinued for 1 to 2 
days in patients with congestive cardiac failure. Fluid intake should be 
increased to approximately 1500 cc. per day for up to 3 days before and 
3 days after initiation of 'Selacryn' therapy in patients switched to 
'Selacryn' from other diuretics and in patients who may be dehydrated, 
particularly if the patients are hyperuricemic. 


Acute attacks of gout may be precipitated; continue 'Selacryn' (brand of 
ticrynafen), add colchicine. Observe patients for signs of electrolyte 
imbalance, i.e., hypokalemia, hyponatremia, hypochloremic alkalosis. 
Periodic determinations of electrolytes to detect possible imbalance 
should be performed. Concomitant use with cytotoxic agents requires 
caution and individualization of dosage and management. Effects on 
glucose metabolism are similar to those seen with thiazides. Insulin 
requirements may be affected; hyperglycemia and glycosuria may 


Lowers Uric Acid 


occur in patients with latent diabetes. Elevation of BUN and/or serum 
creatinine can occur during diuretic therapy. 


Children: Safety and effectiveness in children have not been established 


Drug Interactions: Exercise caution when administering with other 
highly protein-bound drugs, especially anticoagulants; reduce anti- 
coagulant dose to 1/4 or 1/2 of the maintenance dose and carefully 
monitor prothrombin time until stabilized. (See Warnings.) Concomitant 
use with triamterene is not recommended since a marked elevation of 
BUN and creatinine may occur. 


The drug causes a decrease in excretion of salicylates and organic 
acids, e.g., penicillin. Diuretics reduce renal clearance of lithium and 
increase the risk of lithium toxicity. 


Adverse Reactions: Adverse reactions seen with 'Selacryn' (brand of 
ticrynafen) in controlled studies were approximately the same as those 
seen with hydrochlorothiazide. Except where noted, the following 
adverse effects seen with 'Selacryn' have been reported in a small 
number of patients, e.g., approximately 1 in 100: anorexia, nausea, 
vomiting, dyspepsia, cramping, diarrhea, constipation, headache 
(approximately 4 in 100), dizziness/lightheadedness (approximately 9 
in 100), paresthesia, somnolence, insomnia, syncope, vertigo, orthostati 
hypotension, palpitation, rash, urticaria, pruritus, rare cases of fever anc 
interstitial nephritis. Tiredness/fatigue (approximately 4 in 100), hyper- 
glycemia, glycosuria, muscle cramps, weakness, bitter taste and drynes: 
in mouth, exacerbation of gout, renal colic or costovertebral pain. 
Abnormal liver function tests and jaundice have been reported in a few 
patients. 


The following adverse reactions have not been reported to date with 
‘Selacryn’ but have occurred with thiazides or other diuretics: pancre- 
atitis, sialadenitis, xanthopsia, purpura, photosensitivity, necrotizing 
angiitis, Stevens-Johnson syndrome, respiratory distress, anaphylactic 
reaction, leukopenia, agranulocytosis, thrombocytopenia, aplastic 
anemia, restlessness and transient blurred vision. 

Supplied: Light blue, round, scored, monogrammed tablets of 250 mg. 
in bottles of 100, and in Single Unit Packages of 100 (intended for 
institutional use only). 


Date of issuance June 197! 
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Twenty-six patients with clinically significant ventricular arrhythmias 
were randomly assigned to treatment with either intravenous disopyramide 
or lidocaine; crossover to the other agent was permitted in nine cases of 
primary drug failure. In addition, disopyramide was administered non- 
randomly to seven patients with ventricular arrhythmias not controlled 
by lidocaine in standard doses. Arrhythmia control (greater than 50 per- 
cent reduction of premature ventricular complexes) was achieved in all 
22 trials with disopyramide and in 9 of 13 trials with lidocaine in the ran- 
dom study, whereas clinical efficacy (arrhythmia control with absence 
of side effects) occurred respectively in 15 of 22, and 8 of 13 trials. In all 
11 patients (7 nonrandom, 4 random) whose arrhythmia was not controlled 
with lidocaine the arrhythmia was controlled with disopyramide. Thus, 
the clinical efficacy of intravenous disopyramide ran parallel to that of 
lidocaine in patients with ventricular arrhythmias. Furthermore, intrave- 
nous disopyramide was an effective alternative agent for patients with 
arrhythmia not controlled by lidocaine. 


Cardiac arrhythmias remain a significant problem in the acute care of 
patients with cardiac disease. Despite its comparative safety and effec- 
tiveness, lidocaine appears to be less effective during the early phases 
of acute myocardial infarction.? Even among patients with acute in- 
farction who safely reach the hospital, 20 to 30 percent do not respond 
to usual doses of lidocaine.*~7 Although recent work?? has demonstrated 
that adequate serum levels may often not be achieved with standard 
dosing regimens, in 17? and 18 percent? of the patients in these studies 
the arrhythmia appeared to be truly “lidocaine-resistant.” Alternative 
antiarrhythmic drugs, including procainamide, quinidine, propranolol 
and diphenylhydantoin, are variably effective, either alone or in com- 
bination; clearly, additional agents are desirable. 

Disopyramide is a new antiarrhythmic drug, available in oral and in- 
travenous forms.* Laboratory studies!®!! show that it is a “type I” drug, 
reducing inward sodium current, prolonging the action potential and 
suppressing the pacemaker potential. Several clinical studies!?-19 have 
shown intravenous disopyramide to be safe and effective in suppressing 
ventricular arrhythmias, although its effectiveness relative to other drugs 
is uncertain because of the lack of randomized comparisons of effi- 
cacy. 

This study compared the efficacy of lidocaine and disopyramide in 
the intensive care setting with use of a random treatment assignment. 
Rhythm monitoring was accomplished either by computer analysis or 


* Oral disopyramide (Norpace®, Searle) was released for use in the United States in Oc- 
tober 1977. The intravenous form is still under investigation. 
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direct hand counts of continuous electrocardiographic 
tape recordings to permit a quantitative assessment of 
drug effectiveness. Coincident with the randomized 
trial, we administered disopyramide to a separate group 
of patients who demonstrated inadequate clinical re- 
sponse to lidocaine for control of their ventricular ar- 
rhythmias. 


Methods 


Randomized trial protocol: Entry into the randomized 
trial required the presence of four or more premature ven- 
tricular complexes per minute or three or more successive 
premature ventricular complexes in patients admitted to the 
coronary care unit or intermediate care area and whose phy- 
sicians believed that intravenous therapy was advisable. After 
the patient’s consent was obtained, baseline rhythm record- 
ings of 30 to 120 minutes’ duration were collected. Drug 
treatment was determined by assignment of a consecutive 
entry study number. This number corresponded to a box that 
contained either disopyramide or lidocaine. The drug to be 
associated with each number was determined according to à 
modification of a computer-based randomization scheme.!? 
This assignment was made for the study by Searle Labora- 
tories, and the code was not known to the investigators. 

After completion of the control rhythm recording, the box 
was opened and the drug administered according to the fol- 
lowing protocol: 

Intravenous disopyramide: 2 mg/kg over 15 minutes, then 
2 mg/kg over 45 minutes, then 0.4 mg/kg per hour mainte- 
nance therapy. | 

Intravenous lidocaine: 75 or 100 mg bolus injection, then 
3 or 4 mg/min maintenance infusion, with additional bolus 
injections as indicated clinically. 

'The investigators and the patient's physician were aware 
of which agent was being administered. One hour after the 
initiation of drug therapy, the patient's physician was asked 
to make a clinical judgment of drug efficacy based on obser- 
vation of the rhythm monitor. If the treatment was judged to 
be unsuccessful, crossover to the other drug was permitted. 
If treatment was judged to be successful, it was continued until 
(1) the need for continued treatment was no longer present, 
(2) breakthrough of serious ventricular arrhythmias occurred, 
or (3) significant complications were noted. 

Holter monitoring and, when possible, our computerized 
arrhythmia detection system (AZTEC) were utilized 


TABLE I 
Population Characteristics in Random Study 
Lidocaine Disopyramide 
Patients (no.) 12 14 
Age (yr) 50.8 + 12.2 60.1 + 10.5 
CHF (Killip) 1.2 € 0.6 2.0 + 1.0 
Serum creatinine (mg/ 100 ml) 1.26 + 0.24 1.36 + 0.31 
Serum K* (mEq/liter) 3.86 + 0.58 3.96 + 0.59 
Cardiac disease ! 
Coronary 4(1)* 7(3)* 
Hypertensive 4 3 
Valvular 1 1 
Cardiomyopathy 3 3 


* Numbers in parentheses indicate patients with acute myocardial 
infarction. 

Values are expressed as mean values t 1. 

CHF (Killip) = degree of congestive heart failure according to Killip 
classification. P 
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throughout the study.'® Blood pressure and heart rate were 
monitored frequently. Blood samples for determination of the 
drug levels were obtained before, 15 and 45 minutes after, at 
the time of crossover and at termination of therapy. Mea- 
surement of lidocaine and disopyramide blood levels were 
made by Searle Laboratories on coded samples. Routine in- 
dexes of renal and hepatic function and serum electrolytes 
were monitored. Digitalis, diuretic agents and other appro- 
priate drugs were used concomitantly as required. 

Nonrandom trial: A second group of patients with acute 
ventricular arrhythmias, who had been receiving lidocaine 
therapy outside the protocol, were unresponsive to lidocaine 
in standard doses; however, lidocaine levels were not routinely 
measured. On request of their physicians and after giving 
informed consent, these patients were entered into the diso- 
pyramide study as nonrandom participants. 

Patients with pulmonary edema, shock of any origin, Mo- 
bitz type II or complete atrioventricular block, serum creati- 
nine level greater than 2 mg/100 ml or overt glaucoma or hy- 
perthyroidism were excluded. Pregnancy, age more than 80 
years or a history of urinary retention were also excluding 
factors. 


Patient Selection 


The following groups of patients were included in the 
random drug trial: IA, 12 patients randomly assigned to lid- 
ocaine therapy; IIA, 14 patients randomly assigned to diso- 
pyramide therapy; IB, 4 patients from group IA successfully 
treated with lidocaime who were subsequently given disopy- 
ramide as a prelude to its oral use; and IC, 4 patients from 
group IA unsuccessfully treated with lidocaine who were 
subsequently given disopyramide for control of arrhythmia. 

The following groups of patients were included in the 
nonrandom trial: IITA, four patients successfully treated with 
lidocaine who were subsequently given disopyramide as a 
prelude to its oral use; and IIIB, seven patients unsuccessfully 
treated with lidocaine who subsequently received disopy- 
ramide for control of arrhythmia. | 

Quantitation of arrhythmia control: Quantitative esti- 
mation of arrhythmia control was determined by computer 
analysis in 32 of the 46 drug trials, and by direct hand counts 
of electrocardiographic tape recordings in 14. In the quanti- 
tative studies we obtained as long a control period as possible 
under the clinical conditions. A 15 to 30 minute period was 
then allowed to achieve reasonable drug levels, and a second 
counting period, ranging from 1 to 6 hours, was started. There 
was no significant difference between the two drug therapy 
groups in either the control, waiting or treatment periods. 


Results 


The Random Trial 


The study population: The 26 patients assigned to 
a course of treatment are characterized in Table I. Al- 
though in most cases the patient was admitted with a 
suspected diagnosis of acute myocardial infarction, only 
one half of the patients were eventually judged to have 
coronary artery disease, and a smaller number met the 
criteria for acute myocardial infarction. The two 
treatment groups appeared to be comparable with re- 
spect to underlying cardiac disease (chi square = 0.23). 
They were also not significantly different with respect 
to serum creatinine, serum potassium or age. The pa- 
tients receiving disopyramide were classified as having 
somewhat more advanced cardiac dysfunction. 
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FIGURE 1. Changes in premature ventricular complexes (PVC's) after 
administration of disopyramide in 33 trials. The thin lines represent 
reductions in premature ventricular complex counts in individual 
subjects as percent of control values. The dashed line at 50 percent 
reduction represents an arbitrary choice for determination of successful 
treatment. 


Antiarrhythmic effect: Both lidocaine and intra- 
venous disopyramide successfully reduced premature 
ventricular complexes in the majority of patients (Fig. 
1 and 2). Success was determined by two methods— 
clinical judgment and counts of premature ventricular 
complexes. The clinical decision was made approxi- 
mately 1 hour after the start of drug treatment, by 
physicians who were caring for the patient and not in- 
volved in the study. By this criterion 8 of 12 patients 
receiving lidocaine and all 14 patients receiving diso- 
pyramide were judged successfully treated (Table II). 

In considering the quantitative data, successful 
control of arrhythmia was arbitrarily defined as greater 
than 50 percent suppression of premature ventricular 
complexes. Using this criterion of control, lidocaine was 
successful in 8 of 12 patients and disopyramide in 14 of 
14. Thus, there was complete concordance between 
quantitative measures and clinical judgment in this 
phase of the random study. In the group as a whole, 
lidocaine reduced the frequency of premature ventric- 
ular complexes, from 13.8 to 9.2/min, whereas disopy- 
ramide reduced the frequency from 10.3 to 1.3/min. 

Drug levels: Blood samples were drawn at several 
intervals after the start of drug administration (Table 
II). The values at approximately 1 hour were computed 
for comparison with the suppression of premature 
ventricular complexes during the same time period. The 
disopyramide levels in 14 patients averaged 4.36 + 0.95 
ug/ml, well within the range considered to be thera- 
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FIGURE 2. Changes in premature ventricular complexes (PVC's) after 
administration of lidocaine in 13 trials. Format as in Figure 1. In three 
instances the premature ventricular complex rate increased (bars below 
the zero line). 


peutic. The lidocaine levels in eight patients averaged 
2.08 + 0.35 ug/ml, also within the range usually con- 
sidered effective. Lidocaine levels did not differ between 
the patients whose arrhythmia was and was not con- 
trolled with lidocaine (1.70 + 0.40 versus 2.23 + 0.25 
ug/ml). In four studies lidocaine levels were not drawn 
at the appropriate time or interfering substances pre- 
vented measurement of the drug. 

Clinical effectiveness—side effects: In five cases 
disopyramide therapy had effectively controlled the 
arrhythmia but the treatment was discontinued because 


TABLE Il 


Effectiveness of Reduction of Premature Ventricular 
Complexes 


Lidocaine Disopyramide 

Clinical estimate (S/F)* 8/4 14/0 
Quantitative analysis (S/F)' 8/4 14/0 
% PVC decrease 

Patients (no.) 12 14 

Mean decrease (96) 55.0 + 40 81+ 12.8 
Control PVC count 

PVC/min (no.) 13.8 + 14.2 10.3 + 9.7 

Duration of period (min) 48 + 34 47+ 52 
Treatment PVC count 

PVC/min (no.) 9.2+ 14.3 13 :3.2 

Duration of period (min) 86 + 84 159 + 156 
Drug levels 

Patients (no.) 8 14 

ug/ml 2.08 + 0.35 4.36 + 0.95 


* S/F = success/failure ratio. 

tin the quantitatively analyzed cases there was 100 percent 
agreement between the quantitative assessment and the clinical 
judgment. 

Values are expressed as mean values + 1 standard deviation. 

PVC = premature ventricular complex. 
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of a potentially serious side effect. Thus, overall, diso- 
pyramide proved clinically effective in 9 of 14 trials. In 
no instance was lidocaine discontinued in the random 
trial because of side effects and thus this drug was 
judged clinically effective in 8 of 12 trials. The nature 
of the reactions and the reasons for discontinuing 
therapy will be discussed later. 


Crossover in the Random Trial 


Disopyramide: In the four instances of primary 
lidocaine failure the therapy was switched to disopy- 
ramide (Table III). In all four patients disopyramide 
controlled the arrhythmia, with an average 56 percent 
reduction in premature ventricular complexes. Diso- 
pyramide therapy was discontinued in one patient be- 
cause of headache, and in another when congestive heart 
failure, concomitant with ruptured chordae tendineae, 
was noted. In four patients whose arrhythmia was suc- 
cessfully controlled with lidocaine, the responsible 
physicians requested a trial with disopyramide to de- 
termine its effectiveness for oral maintenance. In all four 
cases, the arrhythmia was controlled, with an average 
reduction in premature ventricular complexes of 93 
percent and without drug reaction. Drug levels were 
comparable with those obtained in the primary trial. 

Lidocaine: In one patient the arrhythmia was ini- 
tially controlled with disopyramide therapy but was not 
controlled 6 hours later. Although it is possible that the 
apparent failure of disopyramide was due to an inade- 


quate blood level of the drug, treatment with lidocaine 


was substituted. Although the patient responded to 
lidocaine, complete atrioventricular block subsequently 
developed, and administration of this drug was also 
discontinued. 

Overall results of the random trial: When 26 pri- 
mary and 9 crossover results are combined, a total of 35 
trials were performed. Overall control of arrhythmia 
occurred in all 22 trials with disopyramide and in 9 of 


af 


13 trials with lidocaine. Clinical effectiveness, judged 
by arrhythmia suppression and freedom from drug re- 
action, occurred in 15 of 22 trials with disopyramide and 
in 8 of 13 trials with lidocaine. 


Nonrandom Studies 


Prior lidocaine success: Four patients were given 
disopyramide after control of their arrhythmia with 
lidocaine (‘Table IV). After lidocaine was withdrawn, the 
arrhythmia returned and disopyramide therapy was 
started. There was clinical control of the arrhythmia in 
all four patients, confirmed by quantitative analysis and 
unassociated with drug reaction. 

Prior lidocaine failure: Seven patients were given 
disopyramide after lidocaine therapy had failed to 
control the arrhythmia, as judged by persistence of the 
arrhythmia at levels considered appropriate for study 
entry after several hours of lidocaine infusion at 3 to 4 
mg/min preceded by standard bolus doses (Table IV). 
Suppression of premature ventricular complexes was 
accomplished clinically in all seven patients with sub- 
sequent confirmation by quantitative analysis. In two 
of the seven patients drug reaction was severe enough 
to warrant discontinuation of disopyramide. 

Total results in patients whose arrhythmia was 
uncontrolled with lidocaine: If the seven patients in 
this nonrandom series are added to the four patients 
whose arrhythmia was not controlled by lidocaine in the 
random trial, there are 11 instances in which treatment 
with disopyramide was attempted after lidocaine fail- 
ure. Arrhythmia control occurred in all 11 patients; 
clinical effectiveness was achieved in 9 of the 11 (2 pa- 
tients had reactions leading to termination of disopy- 
ramide therapy). 


Complications of Drug Use 


Lidocaine: Table V summarizes drug-related side 
effects noted in this study. Lidocaine was given in 13 





TABLE Ill 
Cross-over Studies 
— ..... .. COhangetolidocóne .— | | ^ ^  ChangetoDisopyramide — — 
D Failure D Success L Failure L Success 
Number of patients 0 1 4 4 
Age (yr) 47 52.5 = 7.1 40.0 + 11.4 
Clinical estimate (S/F) 1/0 4/0 4/0 
Quantitative analysis (S/F) 1/0 4/0 4/0 
PVC decrease 
Patients (no.) 1 4 4 
Mean decrease (96) 100 56 6 93 + 10.6 
Control PVC count 
PVC/min (no.) 39.1 26.0 + 14.2 14.5 + 13.0 
Duration of period (min) 38 93 + 16.8 54.5 + 45.4 
Treatment PVC count 
PVC/min (no.) 0 10.2 + 6.6 0.4 + 0.4 
Duration of period (min) 60 162 + 97.4 110 + 127 
Drug levels 
Patients (no.) 0 3 4 
pg/ml 3.97 + 2.39 468+148 ° 


Values are expressed as mean values +1 standard deviation. 


D = disopyramide; L = lidocaine; PVC = premature ventricular complex; S/F = success/failure ratio. 
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trials, and its use was terminated once for complete 
atrioventricular block, which did not resolve after the 
drug was discontinued. Vertigo, drowsiness and dry 
mouth, which responded to dose reduction, each oc- 
curred in one patient receiving lidocaine. 

Disopyramide: Nine of 33 disopyramide trials were 
terminated because of suspected complications. In four 
instances (12 percent) there was a reduction in systolic 
blood pressure ranging from 10 to 60 mm Hg (mean 31); 
in all cases the pressure returned to baseline levels be- 
tween 20 and 120 minutes (mean 69) after drug dis- 
continuation. In one patient complete atrioventricular 
block did not respond to drug withdrawal. In another 
patient with chronic paroxysmal atrial tachycardia and 
2:1 block one episode of 1:1 conduction developed after 
24 hours of intravenous treatment with disopyramide. 
Headache and urinary retention each developed in one 
patient. Increased heart failure occurred in one patient, 
concomitant with the development of ruptured chordae 
tendineae, subsequently requiring mitral valve re- 
placement. Dry mouth not necessitating drug with- 
drawal occurred in three patients. There were no sig- 
nificant differences between patients with and without 
side effects in age, serum creatinine or potassium, degree 
of congestive heart failure or drug levels. 


Discussion 


Previous studies on disopyramide: This new anti- 
arrhythmic agent, available in oral and intravenous 
forms, represents a promising alternative to lidocaine 
for management of acute arrhythmias. In Purkinje fi- 


TABLE IV 
Nonrandom Studies 


Disopyramide 
Lidocaine Lidocaine 
Failure Success 


Patients (no.) 7 4 
Age (yr) 61. 
CHF (Killip) 1 
Serum creatinine 1 
Serum Kt 4 
Cardiac disease 

Coronary 6 

Hypertension 1 

Valvular 0 

Cardiomyopathy 0 
Clinical estimate (S/F) 7 
Quantitative analysis (S/F) 7 
PVC decrease 

Patients (no.) 

Mean decrease (%) 78 
Control PVC count 

PVC/min (no.) 6. 

Duration of period (min) 66 
Treatment PVC count 

PVC/min (no.) 1 

Duration of period (min) 147 
Drug levels 

Patients (no.) 5 4 

ug/ml 4.28 + 1.48 4.08 + 1.37 


Values are expressed as mean values +1 standard deviation. 
Abbreviations as in Table I. 
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bers the drug has a type I or quinidine-like mode of 
electrophysiologic action!®!! reducing maximal depo- 
larization rate of the action potential and conduction 
velocity. The drug also decreases temporal dispersion 
of refractoriness, decreasing the possibility that reen- 
trant arrhythmias will develop.!! Clinically, disopy- 
ramide in pharmacologic doses increases the duration 
of the P-R, QRS, Q-T intervals and the refractory pe- 
riod of the atrium, and has a variable effect on A-H and 
H-V intervals.!9-?! 

After oral and intravenous administration disopy- 
ramide half-life is 5 to 7 hours in normal volunteers??? 
but considerably longer periods of 10 to 20 hours have 
been reported in some patient studies.??-?/ Excretion 
of disopyramide is primarily renal, with significant in- 
creases in plasma half-life in subjects with decreased 
creatinine clearance.2?-?7 Resting cardiac output de- 
creases 10 to 28 percent after intravenous disopyramide, 
with the largest decrements occurring in patients with 
severe preexisting heart disease.?5-?! 

Clinical studies utilizing either oral or intravenous 
disopyramide have shown a significant reduction not 
only in the overall frequency, but also in higher grades 
of premature ventricular complexes (pairs, R on T 
phenomenon and ventricular tachycardia) in patients 
with stable heart disease!?.19.243255 and after myocardial 
infarction.!?.14.15,34-?7 Intravenous disopyramide has 
been effective in selected patients with ventricular ar- 


TABLE V 
Complications 
Disopyramide Lidocaine 
(33 trials) (13 trials) 
A. Requiring Drug Discontinuation 
Hypotension 4 (1296) 
Complete A-V Block* 1(396) 1 (896) 
Arrhythmia 1(396) 
Urinary retention 1 (396) 
Increased CHF 1(396) 
Headache 1 (396) 
Patients (no.) 9 1 
Age (yr) 60.9 + 10.9 47 
CHF (Killip) 1.9+ 0.8 2.0 
Serum creatinine (mg/100 ml) 1.36 + 0.28 1.3 
Serum K* (mEq/liter) 4.03 + 0.29 3.5 
Cardiac disease 
Coronary 6 (2) 1(1) 
Hypertensive 1 
Valvular 1 
Cardiomyopathy 1 
Drug levels 
Patients (no.) 7 
ug/ml 4.34 +1.35 Not measured 
B. Not Requiring Drug Dis ntinuation 
Vertigo 1(8%) 
Drowsiness 1(8%) 
Dry mouth 3 (9%) 1 (8%) 


* Did not resolve in either case after discontinuance of drug. 
Values are expressed as mean + 1 standard deviation. 
A-V = atrioventricular; other abbreviations as in Table I. 
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rhythmias refractory to standard treatment.!?.16 
Therapeutic serum levels are in the 2 to 4 ug/ml 
range.12.1424,26,36 

Results of present study: In this random treatment 
study both disopyramide and lidocaine were effective 
in reducing ventricular arrhythmias in most patients. 
Although disopyramide appears to have been somewhat 
more effective, the strict protocol used for its adminis- 
tration achieved and maintained effective blood levels 
better than the less rigorous (but clinically standard) 
protocol used for lidocaine. We believe that more ef- 
fective lidocaine dosing techniques, such as those re- 
ported by Alderman? and Wyman? and their co-work- 
ers, would have somewhat diminished the number of 
patients failing to respond to the drug. However, even 
the latter investigators?? reported lidocaine failure rates 
of 17 and 18 percent, respectively. 

Selecting criteria of success is a significant problem 
in any study reporting the efficacy of an antiarrhyth- 
mic drug. Perhaps the major difficulty is the sponta- 
neous variability of ventricular ectopic activity, which 
has been emphasized in several recent studies.?9:39 Al- 
though the findings in those studies are relevant to our 
data in that to determine whether therapy had suc- 
ceeded or failed in a given patient it was necessary to 
compare each patient's “control” with his “treatment” 
period, they do not invalidate the results of our study, 
in which data in two separate groups of patients were 
compared. 

The arbitrary criterion of efficacy used in our 
study—greater than 50 percent reduction in total 
numbers of premature ventricular complexes—cannot 
be applied to every clinical situation, and a simple re- 
duction in the frequency of such complexes may not be 
sufficient in all patients to achieve the ultimate goal of 
antiarrhythmic therapy, prevention of ventricular fi- 
brillation. However, the percent reduction in premature 
ventricular complexes in the 33 disopyramide trials and 
the 13 lidocaine trials (Fig. 1 and 2, respectively) was 
such that a 50 percent reduction represented a natural 
division in the responses. Furthermore, use of the 50 
percent criterion resulted in complete concordance with 
clinical judgment of antiarrhythmic efficacy. Although 
surprised by this agreement, we suggest that it is an 
acceptable criterion until more insight can be gained 
into the pathophysiologic role of the premature ven- 
tricular complex. It is clear that the choice of any other 
quantitative criterion of efficacy would have changed 
the apparent effectiveness of both drugs equally, and 
would not have altered the conclusions of the study. 

Possible limitations of study: Certain aspects of this 
efficacy trial were not ideal. It would have been pref- 
erable to use a double-blind design, but the differences 
in the drug administration protocols made this impos- 
sible. Judgment of efficacy might have been enhanced 
by the availability of a control untreated group or longer 
control recordings. However, both of these design 
characteristics were in conflict with standard medical 
practice. Our effort to avoid bias in determination of 
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outcome was facilitated by the random assignment to 
treatment group and by a largely automated rhythm 
analysis. We are reassured that the randomization 
procedure was not biased in favor of disopyramide be- 
cause characteristics of the two groups revealed either 
no differences or a slight disadvantage for disopy- 
ramide. 

Disopyramide response after lidocaine failure: 
One of the more important observations of this trial was 
that many patients whose ventricular arrhythmia did 
not respond to lidocaine had arrhythmia control with 
disopyramide. In the random trial, all four patients 
whose arrhythmia was resistant to lidocaine admin- 
stration at the rate of 3 to 4 mg/min had arrhythmia 
control with disopyramide. In the nonrandom group, 
seven patients (in seven trials) responded to disopy- 
ramide after their arrhythmia had proved resistant to 
lidocaine. For the patients whose arrhythmia was not 
controlled by lidocaine in the random trial, blood levels 
were available and quantitative measurement of pre- 
mature ventricular complexes demonstrated the ther- 
apeutic failure. Patients in the nonrandom study did not 
have such careful documentation of the reasons for 
lidocaine failure, and we were obliged to depend on the 
judgment of their physicians. Although we believe that 
a subgroup of these patients with “lidocaine-resistant” 
arrhythmias might have responded to higher serum. 
levels, the relative success of disopyramide in these 
patients reinforces the conclusion of electrophysiologic 
studies that suggest different modes of membrane ac- 
tion for disopyramide and lidocaine.!9.!! 

Clinical indication for disopyramide: Although 
certain critically ill patients (those with pulmonary 
edema or, shock for example) were excluded by protocol 
from this study, all of the patients studied had serious 
ventricular arrhythmias judged to require immediate 
treatment. We therefore believe that our results can 
reasonably be extrapolated to a wide variety of clinical 
situations. Thus, disopyramide appears to be an effec- 
tive alternative to lidocaine in management of acute 
arrhythmia and might be the agent of choice in patients 
who have had an untoward reaction to lidocaine in the 
past. Because disopyramide is available in oral form, it 
would be especially useful when long-term antiar- 
rhythmic therapy is desirable. Finally, it appears to be 
an effective alternative in patients whose ventricular 
arrhythmias are not controlled with lidocaine. 

Drug reactions: These reactions occurred in sig- 
nificant numbers of patients receiving disopyramide. 
Nine of 33 trials of this drug were terminated because 
of possible side effects. Several contributing factors are 
apparent. First, in the random study the hemodynamic 
status was significantly worse in the patients receiving 
disopyramide than in those receiving lidocaine. Diso- 
pyramide is thought to produce some myocardial de- 
pression, especially when given intravenously to pa- 
tients with severe preexisting heart disease.?*?! Second, 
our strict protocol prevented adjustment in disopy-" 
ramide dosage, even when side effects appeared immi- 


N 


„4 


nent. We believe that reduction of dosage might have 
prevented many of the untoward reactions noted. Ad- 
ditional investigation of disopyramide dosing regimens 
would be helpful. 

Implications of study: In our sid binioed: controlled 
clinical trial intravenous disopyramide appeared to be 
more effective than lidocaine in suppressing premature 
ventricular complexes in a wide spectrum of patients 
with acute cardiac disease. The overall clinical efficacy 
of this agent was reduced by the occurrence in some 
patients of untoward side effects, especially hypoten- 
sion. It seems likely that these side effects might be 
controlled by more optimal and flexible dosing regimens 
than the one used in this study. Patients with severe 
myocardial dysfunction who have low levels of systemic 
blood pressure are at increased risk of disopyramide- 
induced cardiac depression. Finally, intravenous diso- 
pyramide is especially effective in patients with serious 
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ventricular arrhythmias not responsive to lidocaine. 
This clinical finding supports experimental work re- 
porting differing modes of electrophysiologic action of 
these two drugs, and suggests that the use of both in 
concert may be especially helpful in patients with acute 
ventricular arrhythmias refractory to currently avail- 
able agents. 
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To evaluate the antiarrhythmic effícacy of the new beta adrenergic 
blocking agent acebutolol, 15 monitored patients with supraventricular 
arrhythmias received, in double-blind fashion, an intravenous infusion of 
either acebutolol or saline solution after a control period. Patients treated 
with saline solution demonstrated no change (P >0.05) in heart rate or 
arterial blood pressure or conversion to sinus rhythm. After administration 
of acebutolol, significant (P <0.05) reductions in heart rate were noted 
at 5 minutes. Peak reduction occurred at 10 to 30 minutes and correlated 
with maximal acebutolol plasma concentrations. Despite a rapid subse- 
quent decrease in acebutolol plasma concentrations, antiarrhythmic 
activity persisted for 24 hours. Mild reductions in systolic blood pressure 
were observed in the majority of patients. Two patients with atrial fibril- 
lation and one with multifocal atrial tachycardia had conversion to sinus 
rhythm. Frequent premature atrial complexes noted in one patient were 
greatly suppressed after administration of the drug. In the nine patients 
with clinical evidence of chronic obstructive lung disease acebutolol was 
well tolerated. Adverse reactions were limited to transient dyspnea in one 
patient with prior heart failure and a decrease in systolic blood pressure 
to less than 90 mm Hg in three patients who remained asymptomatic. In 
the patients studied, acebutolol was an effective agent for the treatment 
of supraventricular arrhythmias and appeared to be of special value in 
those with chronic obstructive lung disease. 


Thé efficacy of propranolol in the treatment of supraventricular ar- 
rhythmias has been well documented.'-? However, propranolol is a 
nonselective beta adrenergic blocking agent in that it competively an- 
tagonizes not only cardiac but also vascular and bronchial beta adre- 
noreceptors. Thus, in addition to attenuating the increase in cardiac rate 
and contractility induced by isoproterenol, propranolol also inhibits the 
peripheral vasodilation normally observed.? The effect of nonselective 
beta adrenergic blockade on the bronchi is of greater clinical significance. 
Propranolol increases airway resistance; this action may be severe and 
is potentially dangerous in patients with. pulmonary disease.!? 
Acebutolol, (M&B 17803A) ([4]-1-[2-acetyl-4n-butyramido-phe- 
noxy]-2-hydroxy-3-isopropylaminopropane), is a new beta adrenore- 
ceptor blocking agent that may preferentially block cardiac beta adre- 
noreceptors with less effect on those of the bronchi. Thus, similar to 
propranolol, acebutolol reduces isoproterenol-induced tachycardia.!! 
In patients with coronary heart disease, both resting heart rate and in- 
dexes of contractility are reduced by acebutolol.!? In contrast to pro- 
pranolol, acebutolol has been administered to asthmatic patients without 
significantly reducing measured values of exhalatory flow.!? 
Experimental studies have suggested that acebutolol is effective in 
treatment of arrhythmias resulting from digitalis or catecholamine ad- 
ministration.!4 More recently, acebutolol successfully suppressed pre- 
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mature ventricular complexes in’ patients with heart 
disease.!? Preliminary reports!*!8 of the use of acebu- 
tolol in patients with supraventricular arrhythmias have 
been promising but are limited to isolated uncontrolled 
investigations without standardized dosage regimens. 
Therefore, with these considerations in mind, we con- 
ducted a double-blind evaluation of the antiarrhythmic 
efficacy and safety of acebutolol versus placebo in pa- 
tients with persistent supraventricular arrhythmias. 
Methods 

Patients: Fifteen patients (13 men and 2 women) with su- 
praventricular arrhythmias participated in the investigation. 
Their ages ranged from 30 to 81 years (mean 64). Nine patients 
had chronic obstructive lung disease.!? The supraventricular 
arrhythmias treated were atrial fibrillation (no. = 10), atrial 
flutter (no. = 2), multifocal atrial tachycardia (no. = 2) and 
sinus rhythm with frequent (more than 20/min) premature 
atrial complexes (no. = 1). In all cases, ventricular rate ex- 
ceeded 100 beats/min. Despite digitalis administration, all 
patients demonstrated persistence of arrhythmias for more 
than 24 hours. Other than digitalis no antiarrhythmic agents 
had been administered for the previous 48 hours. Written 
informed consent was obtained from each patient. ^" 

After a baseline 12 lead electrocardiogram was obtained, 
cardiac rhythm was monitored and recorded continuously on 
a Trendscriber (American Optical Co.). Blood pressure. was 
measured with a mercury sphygmomanometer. Àn intrave- 
nous infusion (5 percent dextrose in water) was established. 

Protocol: Patients were first monitored and observed for 
30 minutes to assure stability of the supraventricular ar- 
rhythmia. For each patient, two syringes, A and B; were pre- 
pared in double-blind fashion with either acebutolol (1 mg/kg 
per 15 cc) or saline solution (15 cc). Drug A was then infused 
intravenously at a rate of 5 cc every 10 minutes with blood 
pressure and heart rate monitored and recored every 5 min- 
utes. If a patient experienced a satisfactory therapeutic re- 
sponse (30 percent reduction in ventricular rate or conversion 
to sinus rhythm), a decrease in systolic blood pressure to less 
than 90 mm Hg or a reduction in heárt rate to less than 50 
beats/min, no further drug was infused and the patient en- 
tered a 24 hour observation period. If none of these responses 
occurred drug B was immediately administered in a similar 
manner. Syringes A and B were prepared by the hospital 
pharmacy with a predetermined code unknown to the inves- 
tigators or the patient. m 

Blood sampling for plasma concentration of acebutolol and 
its major metabolite ([1-(2-acetyl-amidophenoxy)-2-hy- 


7T 


b. 


droxy-3-isopropylaminopropane]) was performed at the end 
of the control period, 30 minutes after the initial dose of drug 
A (and B if administered) and at 1, 2 and 6 hours thereafter. 
Acebutolol and the acetyl-homologue metabolite were mea- 
sured with a high pressure liquid chromatographic tech- 
nique.?? Statistical significance was determined by analysis 
of variance. 


Results 


Control and placebo studies: The mean heart rate 
during the first 5 minutes of the control period was 133 
+ 6 (mean + standard error of the mean) beats/min; this 
value was not significantly different from that during 
the last 5 minutes of the 30 minute period (Table I). 
Similarly, there was no significant change in systemic 
arterial blood pressure during the control period. 

Seven patients received saline solution as their first 
drug. Five patients had atrial fibrillation, one atrial 
flutter and one multifocal atrial tachycardia. There was 
no significant change from control values for rhythm, 
heart rate or blood pressure after saline administration 
(Table II). | 

Acebutolol: All 15 patients received acebutolol 
(Table I). The mean dose was 0.7 mg/kg. Heart rate was 
reduced (P < 0.01) 5 minutes after acebutolol admin- 
istration with the peak reduction occurring at 10 to 30 
minutes. Significant reductions in heart rate persisted 
for 24 hours. e 

Ten patients with atrial fibrillation received ace- 
butolol. In two patients (20 percent) conversion to sinus 
rhythm occurred at 5 and 30 minutes, respectively, after 
administration of acebutolol (Fig. 1). Conversion was 
maintained for the duration of the 24 hour observation 
period. In patients who continued to have atrial fibril- 
lation, heart rate was significantly reduced at 5 minutes 
after drug administration with maximal reduction (23 
percent) at 30 minutes (Fig. 2). Heart rate remained 
significantly reduced for 24 hours. 

Atrial flutter was present. in two patients. After 
acebutolol, ventricular rate decreased from 153 + 24 to 
124 + 40 beats/min at 5 minutes. The maximal reduc- 
tion (31 percent) to 105 + 36 beats/min was observed 
at 25 minutes. Again heart rate was reduced for 24 
hours. Conversion to sinus rhythm did not occur in ei- 
ther patient. 








TABLE | 
Hemodynamic Effects of Intravenous Acebutolol in 15 Patients With Supraventricular Arrhythmias 
Control Time After Acebutolol 
(min) Minutes " Hours 
5 30 5 10 20 30 1 2 4 8 12 114 
Heart rate 143 .- 132 107 98 98 102 . 99 102 105 105 109 
(beats/min) +6 +5 i7! + 5f i5! + 51 +7? + 6t +5! i7! + 6! + 6! 
Blood pressure 
(mm Hg) 
Systolic 126 127 127 123 116 116 118 117 119 123 120 
i5 t6 +6 X5 + 6! + 6! +51 + 6° + 51 +6 +6 te 
Diastolic 74 74 74 75 72 70 71 71 72 70 70 7 
+3 +3 +3 +3 +3 +3 +2 $2 +2 +2 +3 +3 
ge EC ne ee EE CO ee eR ASR RE OES RE WR POUR TOC ee 
* P «0.05. 
TP «0.01. 
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Two patients with multifocal atrial tachycardia 
received 0.3 and 1.0 mg/kg of acebutolol, respectively. 
One patient had conversion to sinus rhythm with fre- 
quent premature atrial complexes. In the other patient, 
heart rate decreased from 140 to 96 beats/min at 25 
minutes. 

One patient had sinus rhythm with frequent pre- 
mature atrial complexes. Heart rate decreased from 100 
to 71 beats/min 30 minutes after 0.7 mg/kg of acebuto- 
lol. The frequency of premature atrial complexes per 
minute decreased from 25 during the control period to 
2 after acebutolol. 

Effect on blood pressure: In the total group of 15 
patients, a mild sustained reduction in the systolic blood 
pressure was observed from 127 + 6 to a peak decrease 
to 113 + 6 mm Hg at 30 minutes (Table I). Significant 
reductions persisted for 4 hours, and the average de- 
crease was 17 percent. Individual patient responses 
ranged from 4 to 34 percent. In three patients systolic 
blood pressure decreased to less than 90 mm Hg. None 
of these patients became symptomatic, and the hypo- 
tension responded promptly to fluid administration. 

Effect on pulmonary function: Nine patients had 
significant chronic obstructive pulmonary disease. Six 
had expiratory wheezes at the time of drug adminis- 
tration and were being maintained on therapy with an 
oral bronchodilator. Five of the patients had atrial fi- 
brillation, two had atrial flutter, one had multifocal 
atrial tachycardia and one had sinus rhythm with fre- 
quent premature atrial complexes. Acebutolol was well 
tolerated and no patient experienced an increase in ei- 
ther dyspnea or wheezing. 

Effect on cardiac function: Although patients with 
uncompensated congestive heart failure were not in- 
cluded in this evaluation, six patients had a history of 
heart failure and cardiomegaly and were receiving dig- 
italis and diuretic therapy. After receiving acebutolol 
one of these patients had transient dyspnea that re- 
solved spontaneously. No hypotension or any additional 
adverse effect was noted in these patients. 

Serial plasma concentrations of acebutolol and 
its metabolite: These concentrations were obtained in 
11 patients (Fig. 3). Neither agent was detected in 
samples from the control period or after a saline ad- 
ministration. All patients demonstrated peak acebutolol 


TABLE Il 


Hemodynamic Effects of Saline Solution in Seven Patients 
With Supraventricular Arrhythmias * 


Control Period Saline Solution 


(min) (min) 
30 10 20 30 
IDE LA D. dan A Ae pisa decia ii pci 
Heart rate 153 150 147 143 145 
(beats/min) +9 +9 + 8 + 10 +9 
, Blood pressure 
(mm Hg) 
Systolic 129 128 124 124 126 
+ 8 +9 +6 +8 +7 
Diastolic 76 77 76 74 75 
+5 +5 +4 +4 +4 


* There was no significant difference among values. 
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FIGURE 1. Trendscription recording showing conversion from atrial 
fibrillation (top line) to sinus rhythm (line 01) after administration of 
acebutolol and persistence of sinus rhythm (lines 19 to 23). 





VENTRICULAR RATE (BPM) 


TIME (Hours) 


ACEBUTOLOL 


FIGURE 2. Effect of intravenous acebutolol on ventricular rate in eight 
patients who continued to have atrial fibrillation. BPM — beats per 
minute; n = number of patients; * = P (probability) «0.05. 
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FIGURE 3. Mean plasma concentrations of acebutolol and acetyl me- 
tabolite after intravenous administration of acebutolol (mean dose 0.7 
mg/kg). 
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concentrations in the 30 minute sample. The mean 
value was 810 + 98 ng/ml. Initially the plasma acebu- 
tolol concentration declined rapidly. Between 120 and 
360 minutes after administration the rate of decline was 
slower. The acetyl metabolite was present in the 30 
minute sample of all patients and peaked at 60 minutes, 
but the variation in metabolite concentration over the 
entire sampling period was minimal. The concentration 
of the metabolite reached 100 ng/ml in only two patients 
and in none did it exceed that of acebutolol. 


Discussion 


Observations that pharmacologic beta adrenergic 
blockade could induce bradycardia in experimental 
animals?! prompted clinical evaluations of the antiar- 
rhythmic potential of beta adrenergic blocking agents. 
In initial studies,! pronethalol, a nonselective beta an- 
tagonist, successfully reduced the ventricular rate in 
patients with atrial fibrillation. However, the recogni- 
tion that pronethalol was carcinogenic in mice restricted 
further clinical use of the drug.?? Subsequently, pro- 
pranolol was developed and found to be free of experi- 
mental carcinogenicity. Initial reports2357 demon- 
strated the effectiveness of intravenous propranolol in 
reducing ventricular rate in patients with atrial fibril- 
lation and flutter at rest, during exercise and after iso- 
proterenol challenge. Later, oral propranolol was ad- 
ministered to patients with supraventricular arrhyth- 
mias in open, long-term studies.*95 Again a major effect 
of the drug was to increase atrioventricular conduction 
delay and reduce heart rate. Conversion to sinus rhythm 
occurred in some patients. Propranolol appeared less 
effective in preventing the recurrence of arrhythmias. 
Although not frequent, adverse effects were associated 
with propranolol administration. Systemic arterial 
hypotension was observed after administration of both 
parenteral and oral propranolol and appeared to be 
more common in patients with heart failure. Moreover, 
several patients with chronic obstructive airways disease 
experienced an aggravation of wheezing and dyspnea 
after propranolol therapy. Thus, several authors?4 
concluded that propranolol may be hazardous in pa- 
tients with bronchial asthma or chronic bronchitis. 

Properties of acebutolol versus propranolol: 
Acebutolol is a new beta antagonist that appears to be 
more cardioselective than propranolol. When admin- 
istered to normal volunteers, acebutolol significantly 
attenuates the increased heart rate and rate of increase 
in arterial blood pressure observed after isoproterenol.?? 
It also reduces resting heart rate and indexes of left 
ventricular contractility in patients with heart disease.!? 
Although only limited data suggest that peripheral 
vascular beta adrenoreceptors are blocked by acebu- 
tolol,” both experimental and clinical investigations 
indicate that acebutolol, unlike propranolol, exerts a 
relatively weak inhibitory effect on bronchial beta ad- 
renoreceptors. Acebutolol had 1/100 the intravenous 
potency of propranolol in increasing the severity of 
anaphylactic bronchospasm in the conscious sensitized 
guinea pig.!! After the administration of intravenous 
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and oral acebutolol to patients with bronchial asthma, 
no significant changes in forced exhalatory volumes or 
peak flow rates were observed.!? 

Experimental studies have suggested that acebutolol 
possesses significant antiarrhythmic properties.!4 Like 
those of propranolol, the antiarrhythmic effects of 
acebutolol have been attributed to a membrane-stabi- 
lizing action in addition to sympathetic blockade.11.14 
Clinical electrophysiologic studies have demonstrated 
that acebutolol decreases sinus nodal automaticity, 
prolongs atrioventricular nodal conduction time and 
refractory periods and may cause intraventricular 
conduction delay depending on dosage.?*^?5 Recently, 
acebutolol was administered to patients with chronic 
frequent premature ventricular complexes and was 
found to have a therapeutic effect without significant 
clinical or laboratory toxicity.!5 

Acebutolol in supraventricular arrhythmias: Our 
investigation has demonstrated that intravenous ace- 
butolol is an effective antiarrhythmic agent in a group 
of patients with supraventricular arrhythmias. Con- 
version to sinus rhythm occurred in 2 of the 10 patients 
with atrial fibrillation. A reduction in ventricular rate 
was seen in the remaining patients with atrial fibrilla- 
tion and in those with atrial flutter. In patients with 
multifocal atrial tachycardia, acebutolol resulted in 
conversion to sinus rhythm with premature atrial 
complexes in one patient and a reduction in atrial rate 
in the other. In the single patient who had sinus rhythm 
with frequent atrial complexes before administration, 
acebutolol successfully suppressed the frequency of 
these ectopic complexes. 

The temporal relation between the antiarrhythmic 
activity and plasma concentrations of acebutolol de- 
serves comment. In the period immediately after drug 
administration, antiarrhythmic effect correlated well 
with plasma concentrations. Thus, peak antiarrhythmic 
activity occurred between 10 and 30 minutes with 
maximal acebutolol concentrations observed in the 30 
minute sample. For the remainder of the observation 
period, however, antiarrhythmic activity did not parallel 
plasma concentrations. Significant reductions in heart 
rate were present at 24 hours whereas acebutolol plasma 
concentrations had declined to minimal levels by 6 
hours. A similar disparity between pharmacologic and 
plasma concentration half lives after propranolol has 
been reported.”®.?7 It is unlikely that the acetyl metab- 
olite could account for the sustained action of acebutolol 
observed in our patients. Plasma concentrations of the 
metabolite were consistently low in accordance with 
intravenous, as opposed to the oral, administration of 
acebutolol.?%.29 

Adverse effects: A mild reduction in arterial blood 
pressure was observed in the majority of patients. 
However, in three patients systolic blood pressure de- 
creased to less than 90 mm Hg. These patients remained 
asymptomatic and their blood pressure increased after 
intravenous fluid administration. Peak reduction in ' 
blood pressure was observed at 30 minutes after ad- 
ministration of acebutolol, later than the peak decrease 
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in heart rate. This observation emphasizes the need for 
careful monitoring of blood pressure as well as cardiac 
rhythm during and after acebutolol administration. 
Aside from the single patient with a history of prior 
cardiac failure who experienced transient dyspnea after 
acebutolol, no other significant adverse effects were 
noted. All of the patients with chronic obstructive pul- 
monary disease, including those wheezing at the time 
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of drug evaluation, tolerated acebutolol well and had no 
increase in either dyspnea or wheezing. 
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Encainide is a newly developed antiarrhythmic agent. With the use of 
intracardiac electrophysiologic techniques, its effects on the cardiac 
conduction system were examined in 10 patients with coronary artery 
disease. Five patients received 0.6 and five received 0.9 mg/kg body 
weight of encainide intravenously over 15 minutes. Plasma concentration, 
heart rate, blood pressure and conduction intervals (A-H, H-V, QRS and 
Q-T) were measured before, during and after encainide infusion. In ad- 
dition, sinus nodal recovery time, Wenckebach cycle length, and atrial, 
atrioventricular (A-V) nodal and right ventricular refractory periods were 
measured before and after encainide infusion. The average peak plasma 
concentration was 0.49 + 0.35 g/ml (mean + standard error of the 
mean). Encainide significantly prolonged H-V and QRS intervals in all 
patients by an average of 31 + 7 and 18 + 9 percent (standard deviation) 
(P <0.001), respectively. A minimal increase in the Q-T interval was also 
observed after encainide infusion (2 + 9 percent, P <0.01), but no sig- 
nificant changes were noted in heart rate, blood pressure, A-H interval, 
corrected sinus nodal recovery time, Wenckebach cycle length or re- 
fractory periods of the atrium, A-V node or right ventricle. It is concluded 
that encainide significantly prolongs conduction in the His-Purkinje system 
without affecting conduction or refractoriness of other parts of the cardiac 
conduction system in man. 


Encainide is a newly developed benzanilide derivative that has shown 
promising antiarrhythmic properties in various short-term animal 
models.-? It is chemically identified as [4-methoxy-2” (1-methyl-2- 
piperidyl ethyl) benzanilide| hydrochloride. Its chemical synthesis has 
been described before? Its electrophysiologic properties were first 
studied in isolated canine cardiac Purkinje fibers.4 At concentrations 
equal to or greater than 10^? molar encainide had a direct membrane 
depressant action reducing the action potential amplitude and upstroke 
velocity (dV/dt max). It decreased action potential duration without 
affecting refractoriness and also decreased automaticity. We have 
studied? encainide's electrophysiologic properties in closed chest anes- 
thetized dogs with intravenous doses ranging from 0.3 to 2.7 mg/kg and 
found that the drug prolonged His-Purkinje system and intraventricular 
conduction at doses 0.9 mg/kg or greater without any significant effects 
on atrioventricular (A-V) nodal conduction or ventricular repolarization 
or refractoriness. The purpose of this study was to determine the acute 
effects of intravenously administered encainide on the cardiac conduc- 
tion system in human beings. 


Methods 


Study group: Ten patients without overt heart failure or limiting valvular 
heart disease were studied after diagnostic cardiac catheterization (Table I). 
The group consisted of 9 men and 1 woman aged 46 to 69 (mean 55.4) years. All 
10 patients had coronary artery disease, and 4 had a history of hypertension. Five 
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subjects had had a previous myocardial infarction and two 
had undergone coronary bypass grafting. The indication for 
coronary arteriography was angina in nine patients and fol- 
low-up evaluation after bypass graft surgery in one. One pa- 
tient had a complete right bundle branch block and one had 
left axis deviation. The 12 lead electrocardiogram in eight 
other patients did not show any conduction abnormalities or 
arrhythmias. No patient was taking digoxin or antiarrhythmic 
drugs before the study. Propranolol was discontinued in six 
patients before the study (Table I). 

'The experimental protocol was approved by the Stanford 
University Medical Committee on the Use of Human Subjects 
in Research, and written informed consent was obtained in 
each case. Cardiac catheterization was performed for clinical 
indications in the postabsorptive state under light sedation 
with diazepam, 10 mg orally. 

Electrophysiologic methods: Electrophysiologic studies 
commenced 30 to 60 minutes after left ventriculography with 
use of the equipment and technique described in a previous 
report. Surface electrocardiographic leads I, aVF and V; were 
recorded simultaneously with atrial and His bundle electro- 
grams (Fig. 1). On placement of intracardiac electrodes, a 
complete electrophysiologic study was performed consisting 
of the following measurements: (1) heart rate, (2) blood 
pressure, (3) conduction intervals (A-H, H-V, QRS, Q-T), (4) 
sinus nodal recovery time, (5) Wenckebach cycle length, (6) 
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atrial, A-V node, His-Purkinje and right ventricular refractory 
periods. 

Measurements: Heart rate was averaged from 10 consec- 
utive sinus cycle beats. Blood pressure, conduction intervals 
and refractory periods were measured during atrial pacing at 
a constant base rate. The base rate of atrial pacing for indi- 
vidual patients was the same during control and post drug 
studies. The A-H interval was measured from the onset of the 
high right atrial electrogram to the onset of the His bundle 
deflection. The H-V interval was measured from the initial 
His deflection to the earliest evidence of, ventricular depo- 
larization whether it was noted in the surface electrocardio- 
gram or intracardiac electrogram. The QRS and Q-T intervals 
were also measured on the surface electrocardiogram. The Q-T 
interval was measured from the beginning of the ventricular 
depolarization to the end of the T wave. 

To assess sinus nodal recovery, the initial sinus pause and 
subsequent 10 sinus cycles were measured after pacing and 
for 1 minute at each of 3 or 4 cycle lengths (600, 500, 460 and 
400 msec). The same set of cycle lengths was used before and 
after encainide studies in any one patient. Sinus nodal re- 
covery time was defined as the maximal sinus pause (the 
longest A-A interval) occurring after pacing at any cycle 
length. 

The Wenckebach cycle length was determined by atrial 
pacing at progressively faster rates. The Wenckebach cycle 


TABLE | 
Clinical Information in 10 Cases 


Drug Therapy 


Case Age (yr) Hours Since 
no. & Sex ECG Findings Drug Regimen Last Dose 

1 M67 Old anterior MI Propranolol, 20 mg every 6 hours 18 
Isosorbide dinitrate, 20 mg every 6 hours 15 
Nitroglycerin paste, 1.5 inch (3.8 cm) at bedtime 15 
Hydrochlorothiazide, 50 mg.a.m. 27 
Flurazepam, 30 mg at bedtime 12 
2 M54 Old inferior MI, ischemic S-T Propranolol, 60 mg every 6 hours 17 
changes (V ;-V3) Isosorbide dinitrate, 20 mg every 6 hours 18 
3 M59 Right bundle branch block Propranolol, 40 mg every 6 hours 18 
Nitroglycerin paste, 1.5 inch (3.8 cm) a.m. 4 

4 M55 Old inferior MI, occasional None 

PVC's 

5 M48 Normal Propranolol, 20 mg every 6 hours 18 
Isosorbide dinitrate, 2.5 mg every 6 hours 18 
Diazepam, 2 mg as needed 23 
6 M56 Abnormal P wave axis, Nitroglycerin paste, 1.0 inch (2.54 cm) at bedtime 12 
diffuse ST-T changes Nitroglycerin, 0.3 mg as needed 10 
Acetaminophen, 650 mg as needed 10 
Flurazepam, 15 mg at bedtime 13 
7 M50 Left axis deviation, Propranolol, 40 mg every 6 hours 17 
diffuse ST-T changes Nitroglycerin, 0.3 mg as needed «1 
Flurazepam, 30 mg at bedtime 12 
Diazepam, 5 mg as needed «1 
8 F69 Normal Diazepam, 10 mg as needed 4 
Diphenhydramine, 50 mg intravenously <1 
9 M46 Normal Diazepam, 10 mg 2 
10 M50 Nonspecific ST-T changes Propranolol, 40 mg every 6 hours 7 
(V4-V3) Isosorbide dinitrate, 10 mg every 6 hours 4 
Nitroglycerin paste, 1.0 inch (2.54 cm) a.m. 7 
Diazepam, 10 mg 4 
Flurazepam, 30 mg 15 


Fe a mn NNNM » arde Hii e RASSE NUS Ses E T 


ECG - electrocardiogram; MI — myocardial infarction; PVC's — premature ventricular complexes. 
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length was defined as the longest cycle length at which A-V using the extrastimulus technique described before.6-8 Right 


nodal Wenckebach conduction consistently occurred. It was ventricular pacing was performed with the same catheter used 
determined to the nearest 10 msec. In some patients with for His bundle recordings. To avoid moving the catheter after 
pacing-induced angina, atrial pacing was terminated before control A-H and H-V measurements were performed, the right 
the Wenckebach cycle length was reached. ventricular effective refractory period was measured at the 
Atrial, A-V nodal, His-Purkinje and right ventricular re- beginning of the control study and at the end of the posten- 
fractory periods were determined to the nearest 5 to 10 msec cainide electrophysiologic measurements. 
TABLE Il 
Individual Patient Data Before (Pre) and Immediately After (Post) 15 Minutes of Encainide Infusion in 10 Cases 
Side à: 
Case Ef- Peak | : Interval AVN- AVN- 
no. Dose* fects State Cp HR BP A-H H-V QRS Q-T SNRT. WCL AERP FRP ERP RVERP 
1 0.6 OPTE TI WA 48 80 120 70 65 430 470 440 250 540 350 290 
Post 0.39 46 75 130 85 80 430 530 500 230 560 360 280 
2 0.6 o. Pre rie 45 104 220 40 75 380 260 490 380 500 425 250 
Post 0.22 49 106 200 55 80 385 210 500 360 520 425 280 
3 0.6 MANE VNB «ii 66 75 130 40 120 400 TA er 300 V 330 250 
Post 0.11 66 75 140 50 136 410 JM. ds s 300 hs 300 250 
4 0.6 Pre Pe 69 80 110 40 80 360 275 T 300 415 360 250 
Post 0.66 73 to 120 55 90 370 350 — 260 390 350 250 
5 0.6 c,h Pre "PR 71 85 140 45 75 350 175 Es 270 490 380 240 
Post 1.03 81 85 140 55 85 360 315 did 270 500 370 240 
6 0.9 m Pre MEN 57 90 120 40 80 400 120 460 290 500 340 300 
Post 1.15 71 88 125 55 110 400 360 470 310 510 320 300 
7 0.9 sss PIS Lis B, | 300 5. 62 90 390 550 — 250 400 bara 270 
Post 0.44 98. "WO .... 80 110 410 445 Md 280 440 pdt 250 
8 0.9 nh Pre $5 ovr JR. vus 50 100 450 260 600 290 590 500 300 
Post 0.35 59 1209  ... 65 120 450 450 580 320 590 480 290 
9 0.9 t Pre FR 58 90 170 40 100 360 270 400 260 410 280 240 
Post 0.22 70 90 150 65 110 365 210 440 290 470 340 270 
10 0.9 ol t ee: 71 85 130 45 90 335 re Wy ds 270 500 300 240 
Post 0.30 73 85 140 60 110 340 T vu 310 460 340 210 
Mean Pre 61+ 914 1434 47+ 88+ 3864 298+ 478+ 2864 483+ 363+ 265 + 
+ 10 15 36 11 16 36 143 76 38 64 67 29 
SD " » 


Post 0.49+ 65+ 90+ 1434+ 63+ 103+ 3924 3954+ 498+ 2934 493+ 365+ 262+ 
0.35 11 ig. 28 12 18 34 114 52 36 61 56 27 


Mean ep 6+ -2+ 24 314 18+ 249 41476 194 648 947 1410 -—1+ 
% 11 3 8 7 9 30 8 
change | 
P value NS NS NS «0.001 «0.001 «0.01 NS NS NS NS NS NS 
perit e e e E S IN CUN ^ ACC UNO 


* Infused intravenously over 15 minutes (mg/kg). 

AERP = atrial effective refractory period (msec); AVNERP = atrioventricular (A-V) nodal effective refractory period (msec); AVNFRP = A-V 
nodal functional refractory period (msec); BP = mean aortic pressure (mm Hg); c = leg cramps; Cp = plasma encainide; h = hypotensive reaction; 
HR = heart rate (beats/min); n = nausea; NS = not significant; P = probability; RVERP = right ventricle effective refractory period (msec); SNRT- 
— corrected sinus nodal recovery time (msec); t — metallic taste; WCL — Wenckebach cycle length (msec). 
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Drug administration: Five patients received 0.6 mg/kg 
and five others received 0.9 mg/kg of encainide. The drug was 
administered intravenously by an infusion pump over 15 
minutes. Blood samples were obtained from the antecubital 
vein of the opposite arm 0, 5, 10, 15, 20 and 25 minutes after 
the beginning of infusion. The plasma concentration of en- 
cainide was determined with the same radioimmunoassay 
technique used before." 

Measurements of heart rate, blood pressure and paced A-H, 
H-V, QRS and Q-T intervals were repeated 5, 10, 15 and 25 
minutes after the beginning of drug infusion. A complete 
electrophysiologic study similar tothe predrug control study 
was repeated at the end of drug infusion (t = 15 minutes). 

Statistical analysis: Electrophysiologic data obtained at 
the end of drug infusion (t = 15 minutes) were compared with 
control measurements using the two-tailed Student's t test 
for paired data. Differences between measurements were 
considered statistically nonsignificant (NS) when the prob- 
ability (P) value was equal to or greater than 0.05. 


Results 


Plasma encainide concentration: The peak plasma 
concentration achieved ranged from 0.11 to 1.03 ug/ml 
in patients receiving 0.6 mg/kg of encainide and 0.22 to 
1.15 ug/ml in patients receiving 0.9 mg/kg of encainide 
(Table II). The mean (+ standard error of the mean) 
plasma concentrations of encainide in each of these two 
groups were similar: 0.48 + 0.17 and 0.49 + 0.17 ug/ml, 
respectively. Figure 2 compares the temporal changes 
in heart rate, blood pressure and conduction intervals 
with those of encainide plasma concentrations. 

Heart rate and blood pressure: These measure- 
ments did not significantly change after infusion of 
encainide. The mean percent increase in heart rate was 
6 + 11 beats/min and the mean percent decrease in 
blood pressure was 2 + 3 mm Hg (Table II). 

Conduction intervals: Individual measurements 
before (control) and after encainide infusion (t = 15 
minutes) are presented in Table II. Encainide signifi- 
cantly prolonged the H-V interval and QRS duration 
in all patients. The mean percent increase in the H-V 
interval was 31 + 7 msec (P <0.001) and the mean per- 
cent increase in the QRS interval was 18 + 9 msec (P 
<0.001). The Q-T interval remained unchanged in three 
patients and was slightly prolonged in the remaining 
patients (mean percent increase 2 + 9, P <0.01). The 
A-H interval could not be measured in Patients 7 and 
8 because of the instability of this interval during atrial 
pacing. After encainide infusion, the A-H interval in- 
creased by 5 to 10 msec in five patients, was unchanged 
in one and decreased by 20 msec in one. The mean 
percent increase in the A-H interval was 2 + 8 msec 
(NS). | 

Sinus nodal recovery: The corrected sinus nodal 
recovery time (calculated as maximal sinus nodal re- 
covery time minus the preceding spontaneous sinus 
cycle length) showed marked patient to patient varia- 
tions in response to encainide infusion. The mean per- 
cent increase was 41 + 76 msec (NS) (Table II, Fig. 
3). | | 

A-V nodal Wenckebach: Wenckebach cycle length 
could not be determined in five patients for the reason 
noted previously. In the other five patients, Wencke- 
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FIGURE 2. Comparative temporal changes in selected measurements 
made during constant base atrial pacing. In Panel A data for the five 
patients given 0.6 mg/kg and the five patients given 0.9 mg/kg of en- 
cainide are plotted separately. In Panels B through G the data are 
combined for the two groups. Mean values (open circles) + standard 
error of the mean (bars) are plotted at time 0 (control), during encainide 
infusion (shaded area) and after encainide infusion (15 to 25 minutes). 
From top to bottom, Cp — plasma concentration of encainide; HR — 
heart rate; BP = mean aortic blood pressure; A-H interval; H-V interval; 
QRS duration; Q-T interval. Significance levels were measured at end 
of infusion (t = 15 minutes): *P «0.001, ! P «0.01. Bars indicate 
standard. 
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FIGURE 3. Left panel, corrected sinus 
nodal recovery time (SNRT,) in millisec- 
onds (maximal SNRT minus sinus cycle 
length) measured before (open circles) 
and at the end of a 15 minute infusion of 
encainide (closed circles). The open and 
closed squares indicate mean value + 
Standard deviation before and after infu- 
sion, respectively. Right panel, Wencke- 
bach cycle length (WCL). The values be- 
fore and after encainide infusion were not 
significantly different. 


FIGURE 4. Refractory period measure- 
ments before and after infusion of en- 
cainide AERP = atrial effective refractory 
period; AVNERP = A-V nodal effective 
refractory period of the atrioventricular 
(A-V) node; AVNFRP = functional refrac- 
tory period of the A-V node; RVERP = right 
ventricular effective refractory period. 
None of the refractory periods changed 
significantly after encainide. Symbols as 
in Figure 3. 


bach cycle length increased in three, decreased in one 
and remained unchanged in one after encainide infu- 
sion. The mean percent increase in Wenckebach cycle 
length after encainide infusion was 19 + 30 msec (NS) 
(Table II, Fig. 3). 

Refractory periods: Individual effects of encainide 
on atrial, A-V nodal and right ventricular refractory 
periods are shown in Table II and Figure 4. The atrial 
effective refractory period increased in five patients, was 
unchanged in two and decreased in three. The mean 
increase of 6 + 8 msec accompanying drug infusion was 
not statistically significant. The A-V nodal functional 
refractory period, measured in nine patients, increased 
in five, was unchanged in one and decreased in three. 
The mean percent increase was 9 + 7 msec (NS). The 
A-V nodal effective refractory period, also measured in 
nine patients, decreased in five, was unchanged in one 
and increased in three. The mean percent increase was 
1 + 10 msec (NS). The right ventricular effective re- 
fractory period decreased in five patients after encainide 
infusion, was unchanged in three and increased in two. 
The mean percent change was 1 + 8 msec (NS). 

The effective refractory period of the His-Purkinje 
system could not be determined because that of the A-V 
node was longer in all patients. The relative refractory 
period of the His-Purkinje system was obtained in only 
one patient and only after encainide infusion (Patient 
6, 510 msec). 

Side effects: No severe adverse reactions were ob- 
served in any patient during or after encainide infusion. 
Immediately after infusion, one patient complained of 
a brief episode of leg cramps, one complained of nausea 
and one complained of a metallic taste in his mouth. 
Three patients had a hypotensive reaction after the 
study was completed, one of whom had nausea in asso- 
ciation with the hypotension (Table II). These episodes 
appeared to be related to catheter removal and vessel 
compression. 


Discussion 


Effects on cardiac conduction system: This study 
of the effects of encainide on the cardiac conduction 
system in man demonstrates that encainide in intra- 
venous doses of 0.6 and 0.9 mg/kg significantly prolongs 
the His-Purkinje system and intraventricular conduc- 
tion in patients with coronary artery disease. These 
findings confirm our previous observations? in 20 closed 
chest anesthetized dogs in which encainide significantly 
prolonged the H-V interval and QRS duration at doses 
of 0.9 mg/kg or greater. Our choice of dosage was based 
on previous reports in animals!*.° and on our observa- 
tions in patients with serious ventricular arrhythmias; 
therapeutic plasma concentrations were also deter- 
mined by these previous studies. The mean peak plasma 
concentration achieved in patients receiving 0.6 mg/kg 
and in those receiving 0.9 mg/kg did not differ suffi- 
ciently to warrant separate analysis of the electro- 
physiologic data in these two groups (Fig. 2). 

In our patients, encainide provoked a slight but sta- 
tistically significant increase in the Q- T interval (Table 
II, Fig. 2). However, this effect at least partially reflects 
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the increase in QRS duration rather than a true increase 
in ventricular repolarization time. In dogs receiving 
similar intravenous doses of encainide, ventricular 
repolarization expressed by the Q-T, interval was not 
significantly prolonged.’ 

Comparison with other antiarrhythmic agents: 
The results of this and other studies^? suggest that 
encainide resembles class I antiarrhythmic agents 
(quinidine, disopyramide and procainide) in some of its 
electrophysiologic properties. Like class I agents, en- 
cainide significantly prolongs conduction in the His- 
Purkinje system,99-!! an effect that is believed to be 
closely associated with antiarrhythmic potency." 
However, encainide differs from class I agents in its lack 
of significant effects on atrial and ventricular refrac- 
toriness.69-11 

Class I antiarrhythmic agents tend to reduce blood 
pressure and accelerate heart rate.9?-!! These effects 
were not observed in our patients or in our previous 
study in animals. This finding suggests that encainide 
may not possess the direct vascular, autonomic and 
myocardial effects of other class I agents. The electro- 
physiologic effects of encainide in our patients did not 
resemble those of lidocaine,!?:1? tocainide,9:!4 beta ad- 
renergic blocking agents!?46 or other newly described 
antiarrhythmic drugs.!? 

Side effects: Intravenous administration of encain- 
ide in our patients caused no significant side effects 
(Table II). The hypotensive reactions observed in two 
patients occurred after the studies were completed and 
appeared to be vasovagal responses promptly re- 
sponding to intravenous atropine. One of our patients 
(Case 3) had electrocardiographic evidence of right 
bundle branch block and another (Case 1) had a pro- 
longed H-V interval before receiving encainide. In both 
patients, the QRS and H-V intervals were further pro- 
longed but neither patient had heart block after intra- 
venous administration of encainide. 

Clinical implications: Our results and previous 
observations in animals*^? indicate that encainide sig- 
nificantly prolongs His-Purkinje system conduction. As 
in the case of class I antiarrhythmic agents,!? it may be 
speculated that this is one mechanism by which it pre- 
vents or abolishes reentrant ventricular arrhythmias. 
Gibson et al.4 also found that encainide depresses au- 
tomaticity in canine Purkinje fibers, an effect that is 
believed to be common to most antiarrhythmic 
agents.!? 

In our study, encainide had no significant effect on 
A-V nodal conduction and refractoriness and therefore 
should not have additive A-V nodal depressant effects 
if combined with beta adrenergic blocking agents or 
calcium antagonists. Encainide may prove to be of 
particular value in patients in whom alterations of the 
A-V nodal conduction is undesirable. Encainide should 
probably not be used in conjunction with quinidine-like 
drugs because they significantly prolong the H-V and 
QRS intervals and the combination might present a risk, 
especially in patients with disturbances of His-Purkinje 
conduction. The safety of intravenously administered 
encainide in our patients should encourage further 
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clinical studies with this promising new antiarrhythmic 
agent. 
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Twelve patients were studied who had frequent transient ischemic epi- 
sodes at rest with a variable degree of coronary atherosclerosis and 
vasospastic origin of angina as evidenced by good exercise tolerance and 
results of thallium-201 scintigraphy during angina at rest, ergonovine 
maleate provocative test and coronary angiography. With the aim of 
keeping a constant blood drug level, the trial consisted of a continuous 
intravenous infusion of isosorbide dinitrate (1.25 to 5.0 mg/hour) during 
two periods (T4, and T2) of 24 hours (four patients) or 12 hours (eight 
patients) alternating with two equal periods (P4 and P2) of infusion of saline 
solution with a double crossover design (T4, P4, T2 and P;). 

Continuous electrocardiographic monitoring revealed that the total 
number of transient ischemic attacks at rest characterized by S-T segment 
elevation (four patients), S-T depression (two patients) and either S-T 
depression or elevation (six patients), with or without pain, was 100, 104 
and 91, respectively, during the introductory control period and during 
P, and P5, but was reduced to 13 and 20, respectively, during periods T, 
and T5 (P — 0.002). Transient ischemic attacks at rest were completely 
prevented during both T4 and T; in four patients and during T4 or T; in three 
patients, and were not abolished but significantly reduced in T, and T2 
in the other five patients. The reduction in ischemic attacks was similar 
for episodes characterized by S-T segment elevation or depression and 
with or without pain. Side effects were negligible. Therefore, infusion of 
isosorbide dinitrate appears to be a very effective treatment for patients 
with vasospastic angina at rest. 


The results of treatment of unstable angina still appear conflicting.! 
Coronary bypass grafting bears a higher level of risk in patients in the 
acute phase of the disease than in patients with stable angina? in the 
absence of appreciable differences in the extent of coronary obstruc- 
tion.^? However, some reports?? indicate that 10 to 15 percent of patients 
with electrocardiographically documented angina at rest were excluded 
from randomized surgical trials because they did not have significant 
coronary stenosis. 

Vasospasm appears to be a frequent cause of angina at rest, and may 
occur in a sizable subset of patients with unstable angina.!9-!? Therefore, 
in patients with angina at rest a rational medical therapy should be based 
on the identification of the pathogenetic mechanism of the anginal at- 
tacks. In fact, reduction of cardiac work by beta adrenergic blocking 
drugs may be indicated only for patients with extremely limited coronary 
reserve in whom angina develops on the slightest increase in myocardial 
oxygen demand and not for patients with angina at rest caused by cor- 
onary vasospasm,!?-16 who do not appear to benefit from cardiac de- 
nervation.!? 

Common clinical experience indicates that nitrates are effective in 
terminating anginal attacks induced by exertion or emotion. However, 
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definite proof of their efficacy in preventing episodes 
of vasospastic angina at rest is still lacking. Because 
sublingual, oral or percutaneous administration of ni- 
trates may not ensure a constant blood level of the 
drug,!? we selected as treatment a continuous infusion 
of a long-acting nitrate, isosorbide dinitrate. In light of 
the frequent spontaneous increase and decrease of 
symptoms in these patients, the study protocol was 
designed as a double crossover study with placebo to 
permit evaluation of the consistency of the response in 
an individual patient. 


Methods 


Patients: Twelve consecutive patients with very frequent 
attacks of angina at rest were studied. These were 11 men and 
1 woman, aged 49 to 75 years (mean 59), admitted to our cor- 


onary care unit because conventional medical treatment Kad 
failed to control the angina. All had been treated with oral or 
sublingual nitrates and beta adrenergic blocking agents at 
home or in other hospitals and continued to have at least four 
anginal episodes per day. Patients with episodes of long du- 
ration (longer than 10 minutes) were excluded. The main 
characteristics and principal clinical findings in the patients 
are listed in Table I. 

The onset of symptoms in these patients had occurred from 
20 days to 5 years before the study. In addition to angina at 
rest, four patients also had a history of exertional angina oc- 
curring with variable degrees of effort; three had an old 
myocardial infarction and one a recent infarction (25 days 
before admission); none had signs of congestive heart failure 
er increases of serum cardiac enzymes before or during the 
study. The electrocardiographic changes documented during 
the anginal episodes (Table I) were characterized by S-T 





TABLE ! 

Main Clinical and Physical Characteristics of the 12 Patients With Electrocardiographic, Scintigraphic and 

Angiographic Findings 

a iR a T so E RT PROP IE a o ads Ale I. Le PA EAEAN 
Age Electrocardiogram Thallium- Angiographic Findings 
(yr) Angina Ergono- 201 Left 

Case & on Painless Ischemia Exercise vine Scinti- Ventric- Coronary 

no. Sex Effort Episodes Basal at Rest Test Test gram ulogram Arteries 

1 54M No Yes T wave S-T1 IIl, S-T| V4-Vg Positive Inferior RCA irregular wall 
changes aVF, V4-Vs asyn-  LAD normal 
(minor) ergy LCX 90% stenosis 

2 57M X Yes No  OldMI S-T1 Vz-Va; S-T| Va-Vs s i Inferior RCA 10096 proximal 
(inferior) S-Ti 1, aVL, asyn- LAD 90% stenosis 

V4-Ve ergy LCX 90% stenosis 

3 52M No Yes Normal STI V4-Ve Negative S-T1 

Vo-V4 

4 66M No Yes T wave S-T| Vo-Ve S-T| Vz-Vs S-Tl 
changes Vz-Ve 
(minor) 

5 52M Yes Yes Old MI S-T1 II, Ill, aVF; S-T| II, Ill. S-T1 II, Positive Anterior RCA 75% stenosis 
(antero- — S-T| |, aVL, aVF, Ill, aVF asyn- LAD 100% proximal 
septal) Vo-V4 Vo-Ve ergy LCX 75% stenosis 

—* spasm 

6 64M No Yes Negative T  S-Tf II, III, S-T1 Il, Positive Inferior RCA 100% proximal 
waves aVF, Vs-Ve; Ill, aVF asyn- LAD normal 
(inferior) S-T[ V3-Ve S-Ti ergy — LCX normal 

V3-Ve 

7 65M = Yes Yes Old MI S-TÎ I, aVL, Positive 
(antero- V4-Vg 
septal) 

8 75M No Yes  RecentMI; S-Tf Il, Ill, S-Tf II, 

(inferior) aVF, Vo-Vs lil, 
avF, 
Vo-Vs 
9 - STF Yes No  OIdMI S-T Ill, aVF; Positive 
(inferior) ^ S-T| 1, aVL, 
Vo-Vs 
10 49M — No Yes T wave S-Tf aVL, S-THVi-V, — STI Positive ^ Anterior RCA normal 
changes 1" Vs; V4-V4 asyn- LAD 90% stenosis 
(minor) S-Ty II, IIl, ergy LCX normal 
aVF 
11 65M No Yes T wave S-T| Va-Vs S-T| Va-Vs S-T| 
changes V3-V5 
(minor) 
12 53M No Yes Negative T S-Tf II, III, Negative S-T| III Positive Normal RCA 75% stenosis 
waves aVF, Vo-Vs; LAD normal 
(infero- S-T | II, III, LCX 5096 stenosis 
anterior ) aVF, Vo-Vs 





LAD - left anterior descending cor 
S-T| = S-T segment depression; S-T^ = S-T segment elevation. 


534 


artery; LCX = left circumflex coronary artery; MI = myocardial infarction; RCA = right coronary artery; 
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segment elevation in four patients (Cases 1, 3, 7 and 8), S-T 
segment depression in two patients (Cases 4 and 11), S-T 
segment depression or elevation, or both, in different leads 
in four patients (Cases 2, 5, 9 and 10) and S-T segment de- 
pression or elevation, or both, in the same or different leads, 
or both, in two patients (Cases 6 and 12). No patient had re- 
ported intolerance to oral or sublingual nitrates. 

Special investigations (Table I): A sitting bicycle er- 
gometer stress test was performed before the trial in eight 
patients; the test was not performed in the other four patients 
because of obesity (one), hip disease (one) and advanced years 
and high frequency of attacks (two). The test was multistage 
with continuous three lead electrocardiographic monitoring 
and with arterial blood pressure measurements performed 
every minute with a cuff manometer. The test was carried out 
to 90 percent of maximal predicted heart rate or to the ap- 
pearance of pain, fatigue or diagnostic S-T segment changes 
(at least 0.2 mv S-T segment depression or elevation). All the 
patients reached a minimal work load equal to or greater than 
50 watts/min. The test was positive in six patients but revealed 
no diagnostic changes in two patients. 

Measurements of heart rate on electrocardiographic strips 
recorded at the onset of S-T changes and measurements of 
arterial blood pressure at the onset of ischemic attacks failed 
to show any consistent increase. 

An ergonovine maleate provocative test 19-7? was performed 
before the therapeutic trial in eight patients by the intrave- 
nous injection of 0.05 to 0.2 mg of the drug during continuous 
electrocardiographic recording. The larger dose was injected 
when neither symptoms nor electrocardiographic changes 
occurred within 10 minutes after the smaller dose. The test 
was positive (that is, it reproduced the patient’s symptoms 
during angina with the same S-T segment changes) in all pa- 
tients including the two with a negative exercise stress test; 
the electrocardiographic changes were similar to those ob- 
served during spontaneous ischemic episodes in all cases. Four 
patients did not consent to the test. 

A thallium-201 myocardial scintigraphic study was per- 
formed in seven patients using a previously described tech- 
nique.!? In all seven, the study revealed either a transient 
transmural reduction of radioisotopic uptake in the myocar- 
dial wall corresponding to the S-T segment elevation in the 
electrocardiogram or, in episodes with S-T segment depres- 
sion, a clear reduction of regional myocardial uptake with 
fuzzy limits relative to the control state, although this deficit 
was smaller than in episodes with S-T segment elevation.?? 
Scintigraphy could not be performed in the other five patients 
because of technical difficulties or nonavailability of the ra- 
dionuclide. 

Coronary angiography was. performed with the Judkins 
technique in six patients.?4 Significant stenosis (luminal re- 
duction of 75 percent or more) of one vessel was found ih three 
patients, of two vessels in one patient and of three vessels in 
two patients. Angiography was not performed in four patients 
who were 65 years or older and in two patients who refused the 
procedure. Coronary arterial spasm, completely occluding the 
left circumflex artery, was angiographically documented in 
one patient (Case 5) who had a spontaneous anginal episode 
during the study. | 

Protocol: Patients were kept in a single-bed room under 
continuous electrocardiographic and visual control; they re- 
ceived only diazepam, 5 to 15 mg/day, and nitroglycerin, 
sublingually, when needed. The patients gave consent to the 
study after being informed that no rational objective evidence 
was available for the most appropriate treatment of this 
syndrome. A radiopaque tubing was percutaneously intro- 
duced and positioned in the right atrium through a basilic 
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B.A.. (5.0mg/hour ) P.6. (5.0mg/ hour ) 
FIGURE 1. Results in the eight patients with nocturnal prevalence 
of ischemic episodes. C, T4, T», P, and P are, respectively, introductory 
period (C), first and second periods of isosorbide dinitrate (T4, T2) and 
saline (P4, P5) infusion. Circles and squares indicate episodes char- 
acterized, respectively, by S-T segment elevation or depression; closed 
symbols, painful episodes; open symbols, painless episodes. The 
number of ischemic episodes is greatly reduced or abolished during 
T4 or To, or both. 


vein. A Harvard Apparatus pump (model 600-000) was used 
for constant infusion of drug and saline solution at rates of 0.1 
to 0.3 ml/min. 

The administration of saline solution during the intro- 
ductory control period (C) and the two placebo periods (P; 
and P5) was alternated with the administration of isosorbide 
dinitrate* during two periods of treatment (Tı and Tə), in the 
following sequence: C, T;, P1, T2 and P2. The dose of isosor- 
bide dinitrate infused ranged from 1.25 to 5.0 mg/hour; it was 
increased progressively after the first two studies as we became 
aware that the treatment had no appreciable untoward effects. 
Eight patients with nocturnal ischemic attacks were studied 
for 12 hour periods (8 p.m. to 8 a.m.) (Fig. 1) and four patients 
were studied for 24 hour periods (8 p.m. to 8 p.m.) (Fig. 2). 

Nurses were instructed to record a standard 12 lead elec- 
trocardiogram and to report the relevant observations for each 
episode of angina or transient S-T segment changes in the lead 
continuously monitored. Cuff blood pressure measurements 


* Isoket® was kindly supplied by Pharma-Schwarz GMBH, Monheim, 
West Germany. 
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FIGURE 2. Results in the four patients with random distribution of 
ischemic episodes during day and night. Symbols as in Figure 1. 


were obtained at 1 hour intervals when the patient was awake 
and when the onset of the S-T segment changes was observed; 
heart rate was measured from electrocardiographic strips. 

Statistical analysis was performed using the Wilcoxon 
nonparametric test.?^ After the trial, isosorbide dinitrate was 
continued with intermittent attempts to taper the dose for up 
to 3 weeks in one patient and for up to 7 to 12 days in the 
others. 


Results 


Continuous electrocardiographic monitoring showed 
that 10 patients also had asymptomatic episodes of S-T 
segment elevation or depression undistinguishable from 
those accompanied by typical pain, as previously de- 
scribed.'*,26-28 For statistical analysis, these episodes 
were pooled together with those accompanied by angi- 
nal pain, because studies with hemodynamic monitoring 
revealed that both the degree of impairment of left 
ventricular function and the presence of arrhythmias 
are similar in symptomatic and asymptomatic epi- 
sodes.!429-75 The detailed results of the ttial are illus- 
trated in Figures 1 and 2 and summarized in Figure 
d. Ü 

Isosorbide dinitrate versus placebo: No statisti- 
cally significant difference was observed in the number 
of ischemic episodes recorded during the introductory 
control period and the placebo periods P, and P; (re- 
spectively, 100, 104 and 91). A highly significant de- 
crease in the number of episodes was observed during 
both periods of infusion of isosorbide dinitrate (T, and 
T», 13 and 20, respectively, P, versus T}, P = 0.002; 
P» versus T», P = 0.006). The reduction in the number 
of ischemic episodes was similar for attacks with or 
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FIGURE 3. Pooled results in the 12 patients. The reduction in the number 
of the ischemic episodes during treatment with isosorbide dinitrate (T4 
and T3) is similar both for episodes with S-T elevation (S-T1) and with 
S-T depression (S-T |), either with or without pain. 


without pain, or with S-T segment elevation or de- 
pression (Fig. 3). | : 

The efficacy of the drug varied in different patients: 
The ischemic attacks were completely prevented during 
both treatment periods (T; and Tə) in four patients and 
during one of the two periods in three patients: they 
were consistently reduced in both periods in the re- 
maining five patients. 

Side effects: Two patients complained of headache 
during the initial hour of the infusion at 2 mg/hcur. A 
rebound in the number of ischemic episodes was ob- 
served in a preliminary pilot study on sudden inter- 
ruption of the infusion. Therefore in this studv the 
infusion was always gradually reduced to avoid rebound 
effects. A mild but statistically significant increase in 
heart rate and a decrease ih blood pressure occurred 
during infusion of isosorbide dinitrate (Fig. 4). 

Follow-up: While in the hospital, Patient 5 sustained 
a myocardial infarction 1 week after the study and died 
with heart failure; Patient 7 had an extension of an old 
anteroseptal infarction. After discharge, Patients 2 and 
4 continued to have recurrent attacks, poorly controlled 
with treatment and died, respectively, 11 and 30 months 
later. Patients 1,6, 9 and 11 continued to have few epi- 
sodes a month during a follow-up period of 25 to 36 
months. Patients 3, 8, 10, 12 and 7 (the last patient after 
the extension of an old myocardial infarction) are 
practically asymptomatic during a follow-up period of 
41 to 53 months. 


Discussion 


Selection of patients: The definition of unstable 
angina at rest includes patients with a variable history 
and different clinical characteristics: from a severely 
limited to à normal exercise tolerance and from diffuse 
coronary artery disease of all three vessels to single 
vessel disease, and even to insignificant coronary ste- 
nosis.! ^7? This variable clinical and prognostic clas- 
sification indicates the patient's need for careful at- ' 
tention and intensive management rather than a par- 
ticular approach. In fact, the pathogenetic mechanisms 
responsible for the unstable type of angina are seldom 
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significant. The values reported are the mean of the 
multiple measurements obtained in each patient in the 
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searched for. By extrapolation from the traditional type 
of stable angina, a greater severity of coronary athero- 
sclerotic impairment, which limits myocardial blood 
supply to a very low level, is considered to be the most 
common mechanism. A series of reports®:’- and com- 
mon experience indicate that patients with unstable 
angina have a degree of coronary atherosclerosis similar 
to that observed in patients of comparable age with 
stable angina. When the pathogenetic mechanism of 
angina at rest was carefully investigated,!0.1426-28 no 
increase in the hemodynamic determinants of myó- 
cardial oxygen demand was documented before the 
onset of the electrocardiographic changes, although they 
were often present during pain (a late phenomenon 
relative to the onset of S- T segment changes). . 
Role of coronary vasospasm: On the basis of our 
experience as well as the conclusions of recent editori- 
als,!?9 coronary vasospasm appears to be a convinc- 
ingly proved hypothesis. In none of our patients could 
we obtain evidence that increased heart work was re- 
sponsible for the episodes of angina at rest. Indeed, in 
all those who underwent a stress test the double product 
(heart rate times systolic blood pressure) was at least 
twice that recorded in control conditions before symp- 
toms or signs of ischemia had developed. In Patients 2, 
5 and 7 evidence that increased myocardial metabolic 
demand was not responsible for the anginal episodes 
was obtained directly by continuous hemodynamic 
monitoring of systemic and pulmonary pressures for 12 
hours using a previously described technique.!4?6 These 
patients had no increase in heart rate or blood pressure 
before the onset of the electrocardiographic changes in 
any episode recorded. Furthermore, in all 12 patients 
the measurements of heart rate and blood pressure 
taken by nurses atthe onset of the episodes showed no 
consistent increase relative to the control values. This 
"observation is in agreement with previous find- 
ings!426-28 and with the results of recent studies?0:31 
demonstrating that the onset of the electrocardio- 
graphic changes during angina at rest occurs at levels 
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of double product lower than those tolerated during 
atrial pacing. 

We found evidence of the vasospastic origin of the 
anginal episodes based on scintigraphic study, ergono- 
vine maleate testing and coronary angiographic dem- 
onstration in one patient (Case 5), both ergonovine 
testing and scintigraphic study in three patients (Cases 
6, 10 and 12), on only ergonovine testing in four patients 
(Cases 3, 4, 8 and 11) and on scintigraphic study alone 
in three patients (Cases 1, 7 and 9). The underperfused 
areas revealed on thallium-201 scintigraphy during pain 
in these patients in the absence of any detectable in- 
crease in determinants of myocardial demand are clear 
indications of a regional reduction of blood supply that 
our previous work!?2? suggests is related to coronary 
vasospasm. 

Design of study: This study was designed as a double 
crossover study to permit assessment of the consistency 
of the results of infusion with isosorbide dinitrate in the 
individual patient as well as in the group as a whole. Our 
findings confirmed the consistently effective responses 
observed during the period of treatment in all patients 
with a large number of spontaneous episodes (Fig. 1 and 
2). 

We selected a continuous intravenous infusion of 
isosorbide dinitrate because a steady circulating level 
of the drug is less likely to be achieved with oral and 
sublingual preparations.!? Patients were continuously 
monitored in a coronary care unit to permit objective 
documentation of ischemic episodes and also to detect 
asymptomatic episodes, which occur frequently in pa- 
tients with unstable angina, as confirmed in our study 
(Fig. 1 to 3). A nonparametric test was used for statis- 
tical analysis of the results with the aim of balancing the 
inhomogeneities related to differences among patients 
in number of attacks and in response to the drug.?? 

Interpretation of results: The mechanisms by 
which nitrates are effective in relieving or preventing 
episodes of transient myocardial ischemia are not fully 
understood.?? Although the systemic effects of nitrates 
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(reduction of preload and afterload??-?7 with a conse- 
quent reduction of myocardial demand) may represent 
the principal mechanisms of action for angina induced 
by an increase of myocardial metabolic requirements 
above the possibility of supply, the relaxing effect on 
large coronary arteries?5-4? may represent the principal 
mechanism of action in vasospastic angina. 

In our patients the small but significant increase in 
heart rate (P = 0.006) and decrease in systolic (P = 
0.009) and diastolic (P = 0.05) blood pressure was ob- 
served during the infusion of isosorbide dinitrate and 
indicated a peripheral effect of the drug (Fig. 4). How- 
ever, the beneficial effects of the drug cannot be at- 
tributed to this mechanism because the ischemic epi- 
sodes were not preceded by any consistent demonstra- 
ble increase of the hemodynamic determinants of 
myocardial oxygen requirements. By contrast, the evi- 
dence for coronary vasospasm during ischemic episodes 
suggests a predominant effect of the drug on the coro- 
nary vessels, which increases the coronary smooth 
muscle threshold for the stimulus responsible for the 
anginal attacks. 

Therapeutic implications: Continuous intravenous 
infusion of isosorbide dinitrate appears to be an effec- 
tive treatment, with nezligible side effects, for the 
management of patients with recurrent episodes of 


transient myocardial ischemia at rest characterized'by 
S-T segment elevation or depression, with or without 
typical chest pain, occurring in the presence of variable 
severity of coronary atherosclerosis and caused by 
transient coronary vasospasm. Administration of ni- 
trates intravenously or in other forms represents an 
effective treatment in these patients during the acute 
phase of the disease if a sufficiently high and constant 
blood level of the drug can be achieved and main: 
tamed. 

On the basis of the results of this study, we currently 
administer isosorbide dinitrate, up to 15 mg/hour in- 
travenously, or we use the sublingual form, 2.5 to 5 mg 
every 1 or 2 hours, in patients with severe recurring 
symptoms, supplemented with 80 mg orally in a sus- 
tained action capsule given at night; or we use isosorbide 
dinitrate paste, 200 mg three times daily, for the dura- 
tion of the treatment with progressive slow tapering to 
smaller doses as symptoms recede. 
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Prazosin, in a single oral dose has been shown to induce balanced re- 
duction in left ventricular preload and arteriolar resistance and therefore 
has been advocated as a potential agent of choice for the long-term 
treatment of patients with heart failure. However, preliminary reports have 
questioned the persistence of these beneficial effects. The effects of the 
first and the fifth consecutive administration of oral prazosin at its maximal 
dose (3 to 10 mg every 6 hours) were compared in 11 patients with 
chronic congestive heart failure. Oral administration of the first dose re- 
sulted in a significant reduction in systemic vascular resistance (from 
2,062 + 498 to 1,560 + 639 dynes sec cm 5, P <0.05), mean pulmonary 
wedge pressure (from 23.5 + 6.2 to 13.7 + 6.2 mm Hg, P <0.05) and 
mean systemic blood pressure (from 88.8 + 10.4 to 79.8 + 11.1, P 
<0.05). The drug also produced a significant increase in cardiac index 
(from 1.96 + 0.3 to 2.53 + 0.6, liters/min per m?, P <0.05), stroke volume 
index (from 22.2 + 4.5 to 28.8 + 6.4 ml/m?, P <0.05) and stroke work 
index (from 19.4 + 4.2 to 26 + 7.1, g-m/m7?, P « 0.05), whereas the heart 
rate did not change significantly (87.7 + 17 versus 88.4 + 16 beats/ 
min). 

In contrast to the significant favorable effect demonstrated initially with 
prazosin, no significant hemodynamic changes were noted after the ad- 
ministration of the fifth consecutive dose. A comparison between the 
values at the peak response elucidated a complete abolishment of the 
effect on left ventricular filling pressure (13.7 + 6.2 versus 22.5 + 4.2 mm 
Hg, P <0.05) with a greatly attenuated effect of the drug on systemic 
vascular resistance (1,560 + 639 versus 1,816 + 544 dynes sec cm 5, 
P <0.05). These data suggest an early development of tolerance to the 
beneficial hemodynamic effects mediated by oral prazosin and raise doubt 
regarding the value of this agent in the ambulatory treatment of patients 
with chronic congestive heart failure. 


Prazosin, a vasodilator antihypertensive agent, has favorably altered 
cardiovascular hemodynamics in patients with severe congestive heart 
failure.'? Given orally, the drug induced balanced reductions in cardiac 
preload and arterial impedance, with effects comparable with those of 
intravenous nitroprusside.?? Therefore prazosin has been advocated 
as a therapy of choice for the ambulatory management of refractory heart 
failure. However, recent reports question the persistence of these ben- 
eficial responses. Administration of prazosin for 6 to 10 months resulted 
in a loss of vasodilating capacity as measured with forearm plethys- 
mography and systemic arterial pressure.* Moreover, preliminary data® 
indicated marked attenuation of the favorable hemodynamic effects 
mediated by oral prazosin very early after implementation of 
therapy. 

The present study was undertaken to establish whether an early tol- 
erance to the vasedilatory effects of oral prazosin develops in patients 
with chronic congestive heart failure. For this purpose, 11 patients with 


, 
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chronic left-sided heart failure refractory to digitalis, 
diuretic drugs and long-acting nitrate therapy were 
studied. The hemodynamic responses to the first and 
fifth consecutive administration of the drug at the 
largest dose given (3 to 10 mg every 6 hours) were com- 
pared. 


Methods 


Patients: Eleven patients (8 men and 3 women aged 43 to 
82 years) admitted for inadequate control of severe congestive 
heart failure were studied. All patients had clinical and ra- 
diographic evidence of left ventricular failure that was re- 
fractory to digitalis, diuretic drugs and nitrates. The clinical 
characteristics of the patients studied are summarized in 
Table I. The cause of the congestive heart failure was car- 
diomyopathy of unknown origin in three patients, alcoholic 
cardiomyopathy in one patient and ischemic heart disease in 
the remaining seven patients. No patient had primary valve 
disease. The diagnosis was confirmed with cardiac catheter- 
ization in seven patients and from the history, physical ex- 
amination, electrocardiogram, chest X-ray film and echo- 
cardiogram in the remaining four. The duration of heart 
failure ranged from 1 to 5 years. Five patients were in New 
York Heart Association functional class III, and six were in 
class IV.6 The rhythm was atrial fibrillation in two and sinus 
in the remaining nine patients. 

All patients continued their usual doses of digitalis, diuretic 
drugs and antiarrhythmic agents throughout the study and 
were in clinically stable condition at bed rest for at least 3 days 
before treatment with prazosin was begun. Long-acting ni- 
trates were discontinued at least 36 hours before the study. 

Hemodynamic measurements and computations: After 
informed consent was obtained, right heart catheterization 
was performed with a balloon-tipped triple lumen Swan-Ganz 
catheter inserted through an antecubital vein. Right atrial and 
pulmonary arterial pressures and left ventricular filling 
pressure, measured as pulmonary capillary wedge pressure, 
were recorded on an Electronics for Medicine VR-6 recorder 
and measured in millimeters of mercury. Mean pressures were 
obtained with the use of electronic filtration. Heart rate was 
determined from a bedside electrocardiographic monitor. 
Arterial blood pressure was obtained by the standard cuff 
method. Cardiac output was determined by thermodilution 
technique’ with the use of ice cold 5 percent dextrose in water 
as the indicator. Cardiac output determinations were per- 
formed in triplicate (less than 10 percent variation) and 
computations were accomplished using a bedside computer 
(Edwards Laboratory, Santa Ana, California); the data were 
reported as the average of the three determinations. 

The following calculations were made: Mean arterial blood 
pressure (MBP) = D + (S-D)/3, where S is the peak systolic 
and D the diastolic pressure. Cardiac index (CI) = cardiac 
output/body surface area (liters/min per m2). Stroke volume 
= cardiac output/heart rate (ml); stroke volume index = 
stroke volume/body surface area (ml/m?). Stroke work index 
— stroke volume index X (mean arterial blood pressure minus 
mean pulmonary capillary wedge pressure)X 0.0136 (g-m/m?). 
Systemic vascular resistance = 80 (|mean arterial blood 
pressure minus mean right atrial pressure|/cardiac output) 
(dynes sec cm^?). 

Prazosin therapy: After baseline hemodynamic deter- 
* minations were obtained, 3 mg of prazosin was administered 
orally and hemodynamic measurements were repeated hourly 
for 6 hours. Patients with a satisfactory response (increase in 
cardiac index of at least 20 percent) continued to receive 3 mg 
at ensuing 6 hour intervals. In nonresponders, the dose was 
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TABLE | 
Clinical Characteristics of Patient Group 
Age Duration of 
Case (yr) NYHA CHF 
no & Sex Diagnosis Class (yr) Rhythm 
1 82F CAD IV 5 AF 
2 63F CAD IV 3 SR 
3* 72F CAD IV 5 SR 
4 65M CAD I 1 SR 
S" 65M ACM I 2 AF 
6* 43M ICM Il 1 SR 
7 55M ICM I 4 SR 
8 65M CAD IV 1 SR 
9* 67M CAD IV 1 SR 
10* 73M ICM IV 5 SR 
11* 55M CAD I 1 1/2 SR 





* Diagnosis established by catheterization. 

ACM = alcoholic cardiomyopathy; AF = atrial fibrillation; CAD = 
coronary artery disease; CHF = congestive heart failure; ICM = idio- 
pathic congestive cardiomyopathy; NYHA class = New York Heart 
Association functional class; SR = sinus rhythm. 


increased to 5, 7 and 10 mg, given at 6 hour intervals, with 
hourly hemodynamic measurements obtained after each dose. 
The dosage was increased until a maximum of 10 mg was 
reached or a satisfactory response was achieved. If adequate 
increase of cardiac index was recorded or if a decrease in the 
left ventricular filling pressure to 10 mm Hg or less was noted 
at any dose level, the drug was then given in the same dosage 
every 6 hours. Two patients with a suboptimal response to 10 
mg also received 10 mg every 6 hours. In all subjects, hemo- 
dynamic measurements were obtained again before and at 
hourly intervals after the fifth consecutive administration of 
the largest dose given. 

Statistical analysis: All values are expressed as mean + 
standard deviation of the mean (SD). Analysis of variance for 
the repeated measures was used to determine the statistical 
significance of comparison. In the event of significance, a 
Newman Keuls test® was utilized to ascertain which com- 
parisons were significantly different. A probability (P) value 
of less than 0.5 was considered statistically significant. 


Results 


Hemodynamic responses after 3 mg of prazosin: 
The mean values for cardiac index, left ventricular 
filling pressure and systemic vascular resistance before 
and after the administration of 3 mg of oral prazosin are 


‘shown in Figure 1. In the 11 patients studied, cardiac 


index rose from 2.0 + 0.3 to 2.35 + liters/min per m? and 
stroke volume index from 22.2 + 4.5 to 27.0 + 5.8 ml/m?. 
'There was a marked decrease in left ventricular filling 
pressure (from 23.5 + 6.0 to 15.8 + 6.5 mm Hg) and 
mean right atrial pressure (from 7.0 + 5.1 to 3.5 + 4.8 
mm Hg). Systemic vascular resistance declined from 
1,985 + 452 to 1,661 + 532 dynes sec cm~”. All these 
changes were significant (P <0.05). In contrast, no sig- 
nificant change in heart rate was noted (87.9 + 17 be- 
fore, and 87.9 + 18 after 3 mg of prazosin). 

Although eight patients had a marked decrease in left 
ventricular filling pressure (more than 20 percent) after 
the starting dose of 3 mg, only three patients had the 
required 20 percent increase in cardiac output and 
continued to receive prazosin. A fourth subject achieved 
an increase in cardiac index of only 15 percent after 3 


September 1979 The American Journal of CARDIOLOGY Volume 44 541 


EARLY ATTENUATION OF PRAZOSIN EFFECTS—ELKAYAM ET AL. 


CI LVFP SVR 
25 25 2500 
2.0 20 2000 
1.5 I5 1500 
I.O IO 1000 
05 9 500 
Y C.P : GCP i CiP 
(p<0.05) (p<0.05) (p< 0.05) 


FIGURE 1. Effects of 3 mg of oral prazosin (P) on cardiac index (CI, 
liters/min per m°), left ventricular filling pressure (LVFP, mm Hg) and 
systemic vascular resistance (SVR, dynes sec cm ^). C = control; p 
= probability. 


mg of prazosin but had a reduction in left ventricular 
filling pressure to 10 mm Hg that precluded trials at 
larger doses. Of the remaining seven patients, one re- 
sponded to 5 mg and was given this dosage every 6 
hours. The other six required the maximum of 10 mg. 

First administration of prazosin at the maximal 
dose given (3 to 10 mg) (Table II): In all 11 patients, 
the peak hemodynamic effects occurred 1 to 3 hours 
after oral administration of the drug at the largest dose 
given and persisted for 4 to 6 hours. Cardiac index rose 
from 1.96 + 0.3 to 2.53 + 0.6 liters/min per m? (P <0.05) 
and mean capillary wedge pressure decreased from 23.5 
+ 6.2 to 13.7 + 6.2 mm Hg (P <0.05). Mean blood 
pressure decreased from 88.8 + 10.4 to 79.8 + 11.1 mm 
Hg (P <0.05) whereas heart rate did not change signif- 


. 
v 


icantly (87.7 + 17 versus 88.4 + 16 beats/min). Stroke 
volume index increased from 22.2 + 4.5 to 28.8 + 6.4 
ml/m? (P «0.05) and stroke work index from 19.4 + 4.2 
to 26.0 + 7.1 g-m/m? (P <0.05) concomitant with a re- 
duction in systemic vascular resistance from 2,062 + 498 
to 1,560 + 639 dynes sec cm^? (P «0.05). 

Hemodynamic measurements at 24 hours before 
the fifth consecutive administration of the drug at 
the largest dose given (C5) (Table III): Cardiac index 
was still increased, although not significantlv from 
control measurements (2.13 + 0.4 versus 1.96 + 0.3 li- 
ters/min per m?). Although moderate reductions in 
mean blood pressure (82.0 + 7.5 versus 88.8 + 10.4 mm 
Hg, P «0.05) and systemic vascular resistance (1,765 + 
486 versus 2,062 + 498 dynes sec cm^5, P «0.05) per- 
sisted, there were no significant differences from control 
values in heart rate, pulmonary capillary wedge pres- 
sure, stroke volume index and stroke work index (Fig. 
2 and 3). 

Hemodynamic effects of the fifth consecutive 
dose of 3 to 10 mg of prazosin (Table III): In contrast 
to the response to the initial administration of the drug 
at the same dose level, the fifth dose resulted in no sig- 
nificant change from the values at 24 hours in cardiac 
index, stroke volume index, mean blood pressure, sys- 
temic vascular resistance or stroke work index. The 
mean hemodynamic profile at the peak effect of the fifth 
consecutive dose of oral prazosin as compared with the 
control value (C1) is shown in Figures 2 and 3. Although 
a slight reduction of mean blood pressure (83.5 + 9 
versus 88.8 + 10.4 mm Hg, P <0.05) and systemic vas- 
cular resistance (1,816 + 544 versus 2,062 + 498 dynes 
sec cm—* P <0.05) was still noted there was no signifi- 
cant difference in heart rate, cardiac index, stroke vol- 
ume index, left ventricular filling pressure or stroke 
work index. 

Side effects: Confusion and hallucinations were seen 
in one patient after the third dose of 10 mg of oral pra- 
zosin. Because an association with the drug could not 


TABLE Il 
Hemodynamic Effects of Oral Prazosin After First Administration of Largest Dose Given (3 to 10 mg) 
Prazosin HR CI MBP 
Case Dose Dose Dose Dose 
no. (mg) C 1 C 1 C 1 
1 10 64 64 1.46 1.53 85 78 
2 10 88 84 2.09 1.92 78 74 
3 10 76 78 1.65 1.88 103 96 
4 10 92 96 2.19 3.05 90 82 
5 10 104 92 1.78 2.41 97 87 
6 3 120 120 1.82 2.88 93 73 
7 3 100 104 2.00 2.67 95 87 
8 3 85 80 2.20 2.90 84 65 
9 3 96 102 2.75 3.17 102 98 
10 10 68 72 1.80 3.20 70 69 
11 5 72 80 1.88 2.26 80 69 
Mean 87.7 88.4 1.96 2.53 88.8 79.8 
+SD 17 16 0.3 0.6 10.4 11.1 
P NS «0.05 «0.05 


LVFP SVR SVI SWI 

Dose Dose Dose Dose 

C 1 C 1 C 1 C 1 
32 24 2848 2440 22.8 23.9 16.4 17.6 
29 25 2414 2667 23.8 23.9 15.9 - 1&3 
24 5 2953 2415 16.0 24.0 A2; 207 
16 14 1728 1141 24.0 31.8 24.2 294 
16 11 2144 1481 12.1 26.2 18.8 27.1 
20 12 1978 990 15.2 24.0 15.1 19:9 
29 17 1477 1075 20.0 25.7 18.0 245 
30 10 1500 1027 26.0 34.5 19.1 282 
26 10 1772 1488 28.6 31.0 29.6 371 
15 9 1793 1008 — 26.0 44.4 19.4 362 
21 14 207 1 1426 25.0 28.8 20.15. sett 
23.5 13.7 2062 1560 222 28.8 19.4 26.0 
6.2 6.2 498 639 4.5 6.4 4.2 24 

«0.05 «0.05 « 0.05 «0.95 


C = control; Cl = cardiac index (liters/min per m°); HR = heart rate (beats/min); LVFP = left ventricular filling pressure (mm Hg); MBP = mean 
blood pressure (mm Hg); NS = not significant; P = probability value; SD = standard deviation; SVI = stroke volume index (ml/m?); SVR = systemic 
[^ 


vascular resistance (dynes sec cm^ 
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SWI = stroke work index (g-m/m^?). 
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TABLE lll 
Hemodynamic Effects of Oral Prazosin After Fifth Consecutive Maximal Dose Administration (3 to 10 mg) 
HR Cl MBP LVFP SVR SVI SWI 
Case Dose Dose Dose Dose Dose Dose Dose 
no. Co 5 Co 5 Co 5 Co 5 Co 5 Co 5 Co 5 
1 72 68 1.33 1.46 74 83 23 25 2173 2764 18.4 21.4 12.8 16.9 
2 88 84 2.30 2.18 80 80 32 30 2170 2320 26.5 25.9 17.3 17.6 
3 77 80 1.77 1.83 88 95 22 22 2346 2451 23.0 22.9 20.6 22.7 
4 92 96 2.34 2.29 86 87 20 19 1545 1619 25.4 23.8 25.9 22.0 
5 76 96 2.04 2.00 86 87 16 15 1713 1764 26.8 21.0 25.5 20.6 
6 124 118 1.93 1.61 88 89 22 23 1764 2067 15.6 13.6 14.0 12.2 
7 104 108 2.46 2.67 85 88 19 20 1137 1088 23.6 20.7 21.2 28.8 
8 82 84 2.30 2.74 67 66 32 26 1140 1006 28.0 32.6 13.3 18.2 
9 96 92 2.94 2.81 89 95 23 24 1410 1631 30.6 30.5 27.5 35.3 
10 68 72 1.76 1.80 73 73 22 18 1702 1681 25.9 25.0 16.2 18.7 
11 80 76 2.30 2.24 87 76 26 25 1780 1581 28.6 29.8 23.7 17.3 
Mean 87.2 88.5 2.13 2.15 82.0 83.5 23.4 22.5 1765 1816 24.8 24.3 19.8 20.4 
+SD 16 15 0.4 0.5 7.5 9 5 4.2 486 544 4.4 5.4 5.4 5.3 
P NS NS NS NS NS NS NS 





C5 = control measurements before the fifth consective administration of the drug. Other abbreviations as in Table Il. 


be excluded, therapy was discontinued. (‘This patient 
is not included in the group of 11 subjects.) Two patients 
had mild to moderate drowsiness that seemed to lessen 
although therapy was continued. 


Discussion 


Prazosin action on venous versus arteriolar cir- 
culation: Our study confirms the experience of other 
investigators? who demonstrated improvement in left 
ventricular performance after a single dose of oral pra- 
zosin in patients with chronic congestive heart failure. 
However, our findings are somewhat at variance with 
previous reports?? in which oral prazosin was described 
as producing a balanced circulatory effect, similar to 
that observed with intravenous nitroprusside. After 
the 3 mg dose, left ventricular filling pressure showed 
a sighificant decrease in eight patients, and mean right 


atrial pressure decreased in all 11 patients, but only 
three patients had a marked increase in cardiac 
output. 

The primary effects on left ventricular filling pressure 
and right atrial pressure suggest that prazosin is mainly 
a venodilating agent. A significant increase in cardiac 
output in most of our patients receiving increased doses 
of prazosin suggests a dose-dependent effect on systemic 
vascular resistance. A similar dose-related circulatory 
response has beeh shown with other vasodilator agents.? 
However, even with large doses, the effect of prazosin 
on the venous bed (and thereby on left ventricular filling 
pressure) is more significant than its action on systemic 
vascular resistance. One should also note that in three 
pafients administration of a 10 mg dose of prazosin still 
did not increase the cardiac output by more than 20 
percent, although a significant reduction in left ven- 


4.0 40 x 
* 
3.0 30 xd H 
La : PEIE E 
C, D C2 Ds C, D, C2 Ds 
40 

FIGURE 2. Mean effects of oral prazosin on cardiac index * 
(Cl, liters/min per m?), stroke volume index (SVI, m/m?) 30 
and stroke work index (SWI, g-m/m?). C4 = control; D, * p<.05 
— peak effects of the first administration of the drug at z S M x SD 
the largest dose given; C2 = control measurements be- i5 hd A 
fore the fifth consecutive administration of the drug at the 20 
same dose level; Da = peak hemodynamic effects of the 
fifth consecutive dose of oral prazosin. * Significant 
difference from C4. M = mean; p = probability; SD = pe 
standard deviation. - C, D, 2 Os 
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tricular filling pressure was noted in each case. Fur- 
thermore, in Patient 9, left ventricular filling pressure 
decreased dramatically from 26 to 10 mm Hg despite an 
increase in cardiac index of only 15 percent. Although 
large doses of prazosin resulted in a concomitant de- 
crease in left ventricular filling pressure with an en- 
hancement of cardiac output in most of our patients, it 
seems that this vasodilatory agent possesses dominant 
actions on the venous circulation with less effect on the 
arteriolar bed. 

Development of tolerance to prazosin therapy: 
The simultaneous improvement in cardiac output and 
left ventricular filling pressure after a single oral dose 
of prazosin has made the drug an attractive candidate 
for use in the outpatient treatment of congestive heart 
failure. However, a recent report^ has documented 
the development of tolerance to both effects after 6 to 
10 months of continuous therapy. Another preliminary 
communication?!? described hemodynamic tachy- 
phylaxis to prazosin occurring after only three serial 
doses. In the later study, the drug was given to a small 
group of patients at 12 to 24 hour intervals. The present 
investigation included patients with a wide spectrum 
of left ventricular dysfunction to whom prazosin was 
administered every 6 hours as currently recommended. 
In contrast to the impressive responses to the initial 
administration of the drug in its maximal dose level, no 
significant hemodynamic change from control values 
was noted after the administration of the fifth consec- 
utive dose. A comparison between the values at the peak 
effects of these two doses demonstrated a complete 
abolishment of the initial effect on left ventricular filling 
pressure with a greatly attenuated effect of the drug on 
the systemic vascular resistance. The failure to respond 
after 24 hours of continuous therapy at a constant dose 
level did not appear to depend on the baseline values for 
cardiac index, left ventricular filling pressure or sys- 
temic vascular resistance. 


FIGURE 3. Mean effects of oral prazosin on mean blood 
pressure (MBP, mm Hg), systemic vascular resistance 
(SVR, dynes sec cm") and left ventricular filling pressure 
(LVFP, mm Hg). Symbols and abbreviations as in Figure 
2. > 


Our study suggests an early development of tolerance 
te the vasodilatory effect of prazosin in patients with 
chronic heart failure. The fact that the first dose to re- 
sult in an effective increase in cardiac output was not 
necessarily the first administered dose indicates that 
the development of tolerance is not simply a first dose 
phenomenon and that increments in dosage up to 40 mg 
daily do not overcome this tolerance. Arnold et al.!! 
recently reported similar data showing significant early 
attenuation of the hemodynamic effects of prazosin in 
seven patients with chronic heart failure despite plasma 
drug concentrations exceeding those observed with the 
initial dose. The mechanism of the tolerance to prazosin 
has not been elucidated by us or by other investigators 
and needs to be studied further. 

Effect on exercise tolerance in patients with 
chronic congestive failure: The lack of hemodynamic 
imprcvement at rest after multiple doses of prazosin 
does not preclude the possibility of a beneficial effect 
on exercise tolerance. Indeed, Aronow et al.,!? who 
compared oral'prazosin with placebo therapy in a dou- 
ble-blind randomized study, reported a sustained in- 
crease in exercise tolerance during long-term prazosin 
therapy in 12 patients with chronic congestive heart 
failure. ' | 

Recent studies have demonstrated that the cardio- 
cireulatory action of prazosin is mainly attributable to 
alpha adrenergic receptor blockade.!? Consistent with 
its pharmacologic mechanism of action, prazosin may 
be more effective during exercise, when there is an en- 
hancement in sympathetic activity accompanied with 
an increase of arteriolar and venous tone. Additicnal 
information in a larger group of patients with direct 
assessment of circulatory dynamics during exercise is 
obviously required to establish the long-term effect of 
prazosin in patients with chronic heart failure. 

Side effects: Prazosin administration was discon- 
tinued in one patient after the third consecutive dose 
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of*10 mg because of hallucinations and confusion. AI- 
though mental effects such as irritability and depression 
were reported in association with prazosin therapy,!* 
it was difficult to determine whether or not these effects 
were related to the use of the drug. T'wo other patients 
had mild to moderate drowsiness with the implemen- 
tation of treatment, which improved with the contin- 
uation of therapy. Postural hypotension, which has been 
reported to be a troublesome complication of prazosin 
therapy in hypertensive patients,'* was not observed in 
our study. However, our patients were studied in the 
supine resting position and orthostatic hypotension may 
still be seen with long-term prazosin therapy. 
Clinical implications: Our data are in agreement 
with previous reports that have uniformly shown a 
beneficial hemodynamic effect of a single dose of oral 
prazosin in patients with chronic congestive heart fail- 
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ure. These results and the absence of significant side 
effects to this therapy may warrant the use of this oral 
vasodilatory agent to overcome an acute episode of 
congestive heart failure. However, our study demon- 
strates a rapid marked attenuation of the favorable 
response to oral prazosin. These data suggest that other 
vasodilator agents such as oral hydralazine and nitrates, 
both proved to have sustained and favorable hemody- 
namic effects,!?:!^ and may be preferable as unloading 
agents for the ambulatory treatment of patients with 
chronic congestive heart failure. Preliminary reports 
suggested clinical improvement in patients with chronic 
heart failure receiving long-term prazosin therapy. To 
confirm this, and in light of our findings, further in- 
vestigation utilizing a large number of patients as well 
as direct assessment of prazosin-mediated cardiocir- 
culatory responses during exercise will be necessary. 
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Aspects of social and psychologic functioning are compared for 51 patients 
randomly assigned to surgical or medical management of chronic stable 
angina. No differences were found between the two groups in work status, 
social activity, adequacy of family functioning, perceived health, life 
satisfaction, memory span, extent of anxiety, hypochondriasis and hys- 
teria. However, surgically treated patients were significantly less de- 
pressed and more likely to report improvement in health and family 
functioning after the initiation of treatment. It is concluded that the psy- 
chologic and social outcomes appear slightly more favorable in patients 
treated surgically than in those treated medically. 


Coronary bypass surgery has become increasingly accepted as the 
treatment of choice for coronary heart disease. However, the superiority 
of surgery over medical management has not yet been clearly demon- 
strated. Recently, several investigations have been undertaken to test 
the relative merits of the two modes of therapy. One such study! has been 
in progress since 1971 at the University of Oregon Health Sciences Center 
and Veterans Administration Hospital at Portland, Oregon. Its purpose 
is to compare the cardiac functioning of patients with chronic stable 
angina treated by the two methods. We sought to expand the scope of 
this investigation by examining selected social and psychologic con- 
comitants of the alternative treatments. To our knowledge, no other 
study has attempted such a comparison of the quality of life of the pa- 
tients involved. If recovery signifies the adequate functioning of patients 
as well as the repair of damaged organs, then these psychologic and social 
conditions cannot be ignored, but must be evaluated along with the 
physical status of patients. In this report we present our findings re- 
garding these dimensions of recovery. 


Method 


Subjects 


The subjects of this study are persons participating in the aforementioned 
long-range comparison of the effects of bypass surgery and medical management 
in chronic stable angina. Kloster et al.! reported that criteria for inclusion in their 
sample were chronic disabling angina pectoris for at least 1 year, 62 years of age 
or less, no episodes of unstable angina pectoris or myocardial infarction within 
6 months, no clinical evidence of heart failure or cardiomegaly on X-ray study 
and absence of other major disabling illnesses. Additionally, the suitability of 
patients for aortocorenary bypass surgery was determined by staff cardiologists 
and cardiovascular surgeons on the basis of extensive testing, including coronary 
and left ventricular angiography, myocardial metabolic studies, graded exercise” 
stress electrocardiography and evaluation of risk factors for coronary heart 
disease. Patients were judged appropriate candidates for surgery who showed 
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"nore than 50 percent narrowing of one or more major coro- 
nary arteries, satisfactory vessels for grafting and reasonably 
preserved left ventricular function (ejection fraction 30 per- 
cent or greater). Patients with disease of the left main coronary 
artery were excluded.!” 

Follow-up of surgical and medical groups: Subjects who 
met these criteria and who agreed to participate were then 
randomly assigned to either the medical or surgical treatment 
group. Patients treated surgically received prompt operation, 
whereas patients treated medically had their programs re- 
viewed to ensure optimal treatment. All patients were followed 
up in a special clinic designed to provide uniform clinical care 
and follow-up evaluation, initially at 2 month intervals. Six 
months after entry, each patient was readmitted to the hos- 
pital to repeat the initial tests. In both groups, patients “‘re- 
ceived appropriate medical therapy for symptoms of coronary 
heart disease and other related problems” and “were en- 
couraged to remain physically active, to stop cigarette smoking 
and to modify other risk factors related to coronary disease, 
but no special measures such as smoking clinics or physical 
training programs were undertaken . . .".! 

By December 1976, the desired sample size of 100 was 
reached, with 49 patients assigned to medical treatment and 
51 to surgical treatment; attrition commenced almost imme- 
diately. Of the 49 cases lost to the study to date, 10 were 
withdrawn because of death (6 from the medical, 4 from the 
surgical group), 21 because of myocardial infarction (10 
medical, 11 surgical) and 12 because of development of un- 
stable angina unresponsive to conventional medical therapy 
(8 medical, 4 surgical). The number of patients lost to study 
slightly exceeds that reported by Kloster et al.!, because our 
count is of more recent date (December rather than summer 
1978). Additionally, six patients moved out of the state, where 
they were under the care of physicians other than the project 
staff. This high attrition rate is not surprising in view of the 
high risk nature of the group under study and in view of 
human rights guidelines mandating the withdrawal of patients 
from experimental programs when their welfare requires it. 
Fortunately, the scientific issue regarding attrition revolves 
mainly around differential loss or “selective mortality" from 
comparison groups. The preceding statistics clearly indicate 
that attrition was very similar in amount and nature for the 
two therapy groups. Hence, comparisons remain mean- 
ingful. 

Demographic characteristics of the two groups: In this 
study, we assessed the psychologic and social condition of 
patients 9 or more months after their entry into the random- 
ized experimental study. That interval was selected as the “lag 
time" needed to permit convalescence from the trauma of 
surgery, and to enable treatments to take effect. Selected 
demographic characteristics of our 51 subjects (25 medically 
treated, 26 surgically treated patients) are presented in Table 
I. Note that the medical and surgical groups do not differ 
greatly in age, sex composition, marital status, source (Vet- 
erans Administration Hospital or University of Oregon Health 
Sciences Center Hospital), years of education, socioeconomic 
status? or length of illness. Hence, any differences in outcome 
between the two groups cannot be attributed to differences 
in these characteristics. 


Data 


Physiologic and physical data regarding patients were ex- 
tracted from records maintained by the Divisions of Cardi- 
ology, Cardiovascular Radiology and Cardiopulmonary Sur- 
gery of the University of Oregon Health Sciences Center and 
Veterans Administration Hospital of Portland. Psychologic 


TABLE | 


Selected Demographic Characteristics of Medical and 
Surgical Groups 


Medical ^ Surgical 
Total Group Group 

Patients (no.) 51 25 26 
Age (yr) 

Mean 54.12 53.44 54.77 

SD 7.12 5.59 8.45 
Sex 

Male 48 23 25 

Female 3 2 1 
Marital status 

Married 46 21 25 

Single, divorced, widowed 5 4 1 
Source 

VA 22 9 13 

UOHSC 29 16 13 
Education (yr) 

Mean 10.16 9.48 10.15 

SD 3.01 1.05 2.82 
Socioeconomic status * 

Mean 50.20 50.72 49.69 

SD 6.90 6.88 7.01 
Duration of illness (mo) 

edian 55.0 56.0 52.5 
Range 15-420 22-348 15-420 


* Assessed with Green’s Socioeconomic Status Index. 

SD = standard deviation; UOHSC = University of Oregon Health 
Sciences Center Hospital, Portland, Oregon; VA = Veterans Admin- 
istration Hospital, Portland, Oregon. 


data were obtained from tests administered to patients during 
regular follow-up visits at the Cardiology Clinic, 9 months or 
more after admission to the study. These tests included the 
Minnesota Multiphasic Personality Inventory (MMPI), 
Rumbaugh’s Cardiac Adjustment Scale? and two subtests of 
the Wechsler Memory Scale,* namely, Memory Span for 
Digits and Associate Learning. Demographic, social and so- 
cial-psychologic data were elicited through a structured in- 
terview. These data concerned the patient's work life, social 
activity, family adjustment, general adjustment and life sat- 
isfaction and health perceptions. Specific measures are de- 
scribed later. 

Psychologic measures: The psychologic scales of hypo- 
chondriasis, depression and hysteria (the “neurotic triad”), 
and Welsh's Anxiety Scale were selected from the MMPI 
repertoire for examination because these have been identified 
in previous reports? as of special relevance for cardiac pa- 
tients. Raw scores on these tests were transformed to T scores, 
to permit comparison with population norms. (‘The mean score 
for the population is 50, and the standard deviation is 10.) Low 
scores indicate absence of the trait in question, high scores its 
presence. 'The tests are fairly reliable. Performing a test-retest 
check, Cottle? obtained coefficients of 0.66 for the depression 
scale, 0.81 for hypochondriasis and 0.72 for hysteria. 

Rumbaugh's Cardiac Adjustment Scale measures, at least 
in part, emotional stability, cooperativeness and objectivity, 
but it was designed mainly to predict return to work of pa- 
tients with cardiac problems.? Scores may in principle range 
from 0 (poorest adjustment) to 156 (best adjustment). The 
reliability of the scale is attested to by a Spearman-Brown 
coefficient of 0.94 obtained between parallel forms of the test 
administered to 79 patients. The validity of the test was es- 
tablished by a check on the employment status of 85 patients 
some 3 years after these measures were administered.? 
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Additionally, subscales of the Wechsler Memory Scale 
were administered, inasmuch as concern has been expressed? 
that open heart surgery may have adverse effects on mental 
functioning. The Memory Span for Digits is especially sensi- 
tive to the effects of any kind of brain injury. It has a potential 
range in scores from 0 to 15. The average adult’s raw score is 
11, and scores under 8 are taken to indicate some degree of 
mental impairment. Reliability was determined by the split- 
half correlation method, using the Spearman-Brown formula 
to correct for length.!? On the basis of the scores of subjects 
aged 45 to 54 years, the reliability coefficient was 0.66. 

The Associate Learning subtest has a possible range of 
scores from 0 to 21. A score of 8 was taken as the cutoff point 
to indicate impaired functioning. Hulicka!! reported a mean 
score of 11.5 (standard deviation = 4.5) in the subjects aged 
60 to 69 years. 

Family adjustment: Pless and Satterwhite!? have devel- 
oped a comprehensive instrument to reflect the multidi- 
mensional nature of this construct. The principal components 
of their Family Functioning Index are intrafamily commu- 
nications, decision making, frequency and resolution of dis- 
agreements, level of happiness, closeness of the family unit, 
marital satisfaction and child orientation. Inasmuch as the 
majority of our subjects did not have minor children living at 
home, the items on relations with children were deleted. As 
thus modified, the Family Functioning Index scale can pro- 
duce scores from 0 (poorest level of family functioning) to 24 
(optimal functioning.) High scores signify that spouses agree 
on most important aspects of family life, resolve their differ- 
ences satisfactorily through open discussion, view themselves 
as happier and closer than most families and are well satisfied 
with those aspects of marriage they value most. 

The reliability!? of this index is indicated by a correlation 
of 0.72 between the scores of spouses, obtained independently, 
and also by a test-retest correlation of 0.83 between scores 
obtained from 29 subjects 5 years apart. Some estimate of the 
validity of this index is provided by the magnitude of the 
correlations obtained betweer index scores derived from re- 
sponses of husbands and wives, and independent ratings of 
the same families by experienced case workers. These corre- 
lation coefficients were 0.35 and 0.48. 

Life satisfaction: This variable was estimated by means 
of a Cantril!4 ladder. Respondents were shown a picture of a 
nine rung ladder, inscribed at the top, “extremely satisfied" 
(rung 9) and at the bottom, *extremely dissatisfied" (0). They 
were requested to indicate on this ladder where their satis- 
faction with life was “right now." Additionally they marked 
on the ladder the extent of their satisfaction with life before 
treatment and also the presumed satisfaction of the “average” 
person their age, and the "sick person" their age. From these 
data, social comparisons are possible. 

Advantages of the Cantril ladder technique are that it re- 
sults theoretically in a continuous and equal-interval scale, 
and is "self-anchoring" because scores are relative to each 
person's own perception of maximal and minimal satisfaction. 
The technique has enjoyed wide popularity and is viewed as 
providing a useful and stable assessment.!^ Robinson and 
Shaver! have given a full description and discussion of the 
technique and related research. 

An alternative measure of satisfaction was provided by 
Koltuv's Index of Satisfaction, which contains 11 items, 
each pertaining to a different area of life. The respondent is 
asked to check on a six point scale how satisfied he is with 
marriage, his physical condition, leisure time, personal 
friendships, kin relations, sexual life, financial situation, in- 
telligence, personality, coping stvle and work. Scores may vary 


from 11 (extremely satisfied) to 66 (extremely dissatisfied.) 
Because depression is often conceptualized as the negative 
pole of a continuum of satisfaction, the correlation of 0.44 
between this scale score and the score on the MMPI depres- 
sion scale (in a sample of 150 patients who had had valve- 
replacement surgery) is one indication of the concurrent va- 
lidity of this scale.!5 

Social activity: An “objective” and a “subjective” measure 
of social activity were calculated. The more “objective” 
measure, Phillips’ Social Participation Index,!? taps three 
components—namely, number of friends visited in the past 
week, number of neighbors known well enough to call on and 
number of formal organizations in which the person is active. 
Scores may range from 3 (least activity) to 8 (most activity). 
No data are available regarding the reliability or validity of 
this widely used index. 

To obtain a more "subjective" estimate of social activity, 
each subject was requested to indicate the extent of his social 
life on a nine rung Cantril ladder!* labeled “most active social 
life" at the top (score = 9) and “least active social life" on the 
bottom (score = 0). Subjects were additionally asked to esti- 
mate the extent of their own social life before entry into the 
randomized study, the extent of the social life of the average" 
person their age and of the "sick person" their age. Comments 
made earlier regarding the technique of the Cantril ladder 
apply here as well. 

Health status: The “objective” physical and physiologic 
status of the patients is not the focus of this paper, and has 
been reported elsewhere.’ Here, only figures concerning the 
ejection fraction and the left ventricular end-diastolic pressure 
at the 6 month follow-up for our 51 subjects are reported. Two 
measures that assess the extent of physical activity possible 
for the patient are included; first, the patient’s New York 
Heart Association” functional classification at the time of 
interview; and second, the patient’s score on the Health Status 
Scale of Rosow and Breslau.?! The latter is a Guttman scale, 
and generates scores from 1 (worst health) to 6 (best 
health). 

Finally, each patient's perception of his current health was 
assessed by means of a Cantril ladder, ranging from 0 (worst 
possible health) to 9 (best possible health). The patient also 
indicated on the ladder his perception of his health before 
treatment, and his perceptions of the health of the “average 
person" and of the “sick person” his age. These data permit 
social comparisons and enhance interpretation. 


Analysis 


Because we do not have available data on the psychologic 
and social condition of our 51 patients at time of entry into the 
randomized study, the present investigation has a posttest- 
only control group design. This design controls for sources of 
internal invalidity and also avoids the threat to external va- 
lidity posed by a pretest session. In this latter respect, it has 
an advantage over the more usual pretest-posttest control 
group design of experiment. Campbell and Stanley?? state that 
for this design (no. 6 in their typology), the t test is the optimal 
statistic. In the analysis to follow, then, the t test will be used 
to determine the significance of the differences between means 
for the surgical and medical groups. Where it appears more 
feasible to utilize frequeney distributions to demonstrate 
differences, the chi square statistic will be used. 


Results 


Health status (Table II): Kloster et al.! found “no overall 
differences in survival or the incidence of major cardiac 
morbidity between the medical and surgical groups at this 
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peint in the study.” There was also no difference between the 
groups in left ventricular function 6 months after initiation 
of therapy. However, for a subgroup of 46 patients with three 
vessel disease, “there was a significant difference in unstable 
angina requiring operation between the medical and surgical 
patients,” but “there was no difference in the other two ter- 
minating events, death or myocardial infarction.” Objective 
evidence of improved capability of patients in the surgical 
group was indicated by their significantly increased mean 
values for maximal work load and maximal heart rate during 
exercise at the 6 month follow-up. In parallel with this ob- 
jective evidence was the greater improvement in functional 
status for the surgical group and a lesser incidence of unstable 
angina pectoris. 

Health data for the 51 patients of our subsample of that 
larger study are presented in Table II. The medical and sur- 


gical groups did not differ in the two physiologic measures of 
cardiac capacity, the ejection fraction and left ventricular 
end-diastolic pressure, as determined by angiography at 6 
months follow-up. Surgically treated patients performed ev- 
eryday activities more adequately than medically treated 
patients, as indicated by the distribution of their functional 
classification scores. 'The superiority of the surgically treated 
patients is again attested to by their higher scores on the 
Health Index of Rosow and Breslau,?! which also estimates 
the capacity of persons to perform everyday activities and 
withstand physical exertion. Both these measures reflect be- 
havioral rather than physiologic factors and may be highly 
amenable to subjective influences. Our findings in these re- 
spects confirm those reported by Kloster et al.! 

With regard to patients’ perceptions of their own current 
health, considered in absolute terms, medically and surgically 








TABLE Il 
Comparison of Health Status and Perceptions 
Significance 
Medical Surgical of 
Total Group Group Difference* 
Patients (no.) 51 25 26 
Physical measures 
Ejection fraction (6 mo!) 
Normal (254%) 34 19 15 
Depressed (<54%) 10 3 7 NS 
Left ventricular end- 
diastolic pressure 
Normal (<15 mm Hg) 41 18 23 
Moderate elevation 
(15-20 mm Hg) 4 4 0 NS 
Severe elevation 
(>20 mm Hg) 0 0 0 
Functional status (current) 
Class ! 8 0 8 
Class Il 27 13 14 x? = 3.82! 
Class III 11 8 3 
Class IV 2 1 1 
Psychologic measures: 
Rosow & Breslau Health Index* 
Mean 2.86 2.52 3.19 t= 2.13! 
SD 1.15 82 1.33 
Patient perceptions of health 
Current health ! 
Mean 5.22 5.00 5.42 
SD 1.63 1.66 1.60 NS 
Prior health 
Mean 2.78 4.00 1.62 
SD 2.17 2.02 1.60 t= 4.56! 
Health of average person 
Mean 6.51 6.60 6.42 
SD 1.51 1.61 1.42 NS 
Health of sick person 
Mean 3.24 3.76 2.82 
SD 1.39 1.20 1.47 t = 2.45! 
Perceived change in health 
Worse than before 5 5 0 
Same 9 7 2 x? = 9.46! 
Better 37 13 24 
Patient's satisfaction with 
physical condition5 
Mean 2.90 3.24 2.58 
SD 1.51 1.54 1.45 NS 


———— M —— M ——  — ———— M ——— M — — M — — — P — — —————— mM 


* The significance of difference in means was determined with the t test, that of frequencies, with the chi square. For the chi square computation 
for functional class, patients were dichotomized into classes | and II versus classes Ill and IV. For the chi square computation for perceived change 


in health, patients were dichotomized into better versus same or worse. 


t Data were available in 44 patients regarding ejection fraction and in 45 patients for left ventricular end-diastolic pressure. 


t Scores could vary from 0 (least capacity) to 6 (greatest capacity). 


Scores could vary from 1 (extremely satisfied) to 6 (extremely dissatisfied). 


! P «0.05. 
NS = not significant; SD = standard deviation. 
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treated patients did not differ significantly. However, surgi- 
cally treated patients retrospectively rated their health before 
treatment as decidedly poorer than did medically treated 
patients. Hence, surgically treated patients, to a greater degree 
than medically treated patients, viewed their health as having 
been improved since entry into the study. Perhaps surgically 
treated patients were more realistic in their appraisals than 
those medically treated; or perhaps this tendency to regard 
their previous state of health as very poor was the result of 
cognitive dissonance experienced. Because they had under- 
gone the trauma of surgery, it would seem important that they 
justify their suffering. 

Taken as an aggregate, the 51 patients viewed their health 
as less good than that of the average person (t = 4.97) but 
much better than the health of the sick person (t = 7.56). They 
also saw their health as decidedly better after than before 
treatment (t = 6.66). Overall, patients expressed satisfaction 
with their physical condition. These findings might seem 
surprising, until one is reminded that Americans typically 
tend to rate themselves in all respects, including health, as 
“better off" than others.!6 This group, at least, does not de- 
clare its health as better than average! 

Psychologic status (Table III): The only difference be- 
tween the two treatment groups on the selected psychologic 
tests was the lesser depression in the surgically treated pa- 
tients. Perhaps this lesser depression was due in part to the 
greater physical activity of the surgically treated patients, as 
evidenced by their superior ranking in functional class and 
their superior scores on the Rosow and Breslau Health Index. 
Performance on the two memory scales was approximately 
equal in the two groups. Hence, no evidence was found here 
for mental impairment from surgery or from reliance on the 
cardiopulmonary bypass machine. If such impairment had 
occurred, the deficit apparently had been compensated for 9 
months after operation. 


TABLE III 
Comparison of Psychologic Factors 


Our subjects as a whole were distinctly more hypochon- 
driacal, depressed and hysterical than “normal” Americans. 
Their scores on these scales were very high, almost 2 standard 
deviations above the mean. These findings are in agreement 
with the view advanced by Ostfeld et al.,?? that patients with 
cardiac disease, particularly those with angina, score high on 
the neurotic triad. These findings also attest to the consid- 
erable psychologic problems of such persons. At least one 
important positive effect of surgery is its apparent tendency 
to lessen depression in such patients. These patients on the 
whole proved no more anxious than the average healthy per- 
son. This finding was unanticipated, and not in accord with 
previous research. 

Work and economic status (Table IV): Medically and 
surgically treated patients did not differ significantly in work 
status; 84 and 77 percent respectively, were unemployed. In 
both groups about as many persons reported that their in- 
comes increased as those who reported a decrease since op- 
eration or entry into the study. Surgically treated patients 
were slightly but significantly more satisfied with their fi- 
nancial status, probably because of their slightly higher me- 
dian income. Both groups appeared to be equally satisfied 
with their own work performance. 

Taken altogether, these patients did not fulfill their work 
roles. Most were unemployed, and relied largely on funds from 
Social Security or disability benefits. Their median income 
of $6,084 should be evaluated in light of the 1976 median 
family income‘ for Americans of their age category—more 
than $14,000. Many of these patients were subsisting at the 
poverty level. Their expression of satisfaction (or at least their 
failure to express dissatisfaction) may be interpreted as again 
reflecting the tendency of Americans to think the best of their 
condition. 

Social activity (Table V): Medically and surgically treated 
patients did not differ significantly in the extent of social ac- 


————————————————————  M— M Ui € ——————À rM PB € epee ne be, 


Total 
Patients (no.) 49 
MMPI" Scale 
Hypochondriasis 
Mean 74.37 
SD 14.47 
Depression 
Mean 69.57 
SD 13.29 
Hysteria 
Mean 71.31 
SD 12.48 
Anxiety (Welsh) 
Mean 51.14 
SD 10.04 
Wechsler Memory (digit span) 
Mean 10.69 
SD 1.81 
Wechsler Memory (associate learning) 
Mean 14.56 
SD 3.53 
Perceived anxiety! 
Mean 3.49 


1.03 
* Significant results (P <0.05). 


Significance 
Mecical Surgical of Difference 
Group Group (t test)* 
24 25 
77.21 71.54 
12.55 15.86 NS 
73.88 65.44 
12.80 12.64 t = 2.29* 
74.08 69.00 
10.75 14.28 NS 
51.33 50.96 
9.58 10.66 NS 
10.58 10.80 
1.95 1.68 NS 
15.43 13.68: 
2.70 4.07 NS 
3.68 3.31 
85 1.16 NS 


t MMPI = Minnesota Multiphasic Personality Inventory; SD — standard deviation. 
* Anxiety was rated from 1 (much more anxious than others) to 5 (much less anxious than others). 


NS = not significant. - 
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tivity, whether measured “objectively” by Phillips’s Social 
Participation Index, or “subjectively” with the Cantril ladder 
technique. All of our subjects reported a moderate amount of 
social life on both tests. They considered their social activity 
to be greater than before treatment (t = 2.46), to approximate 
that of the average person their age (t = 1.80) and to exceed 
considerably that of sick persons their age (t = 7.20). Patients 
also expressed great satisfaction (mean score = 1.71) with their 
friendships. Therefore, the cardiac condition of these patients 
did not cause them to perceive their social lives as limited or 
unsatisfactory. 

Family relations and functioning (Table VI): All but 5 
of our 51 patients were married and living with their spouses; 
none of the 5 reported a change in marital status since entry 
into the study. The 46 married patients, taken in the aggre- 
gate, appeared to be functioning quite adequately in their 
family contexts. The mean score on the Family Functioning 
Index at the time of the follow-up interview was 17.2 of a 
possible 24 points; the mean score for the retrospective esti- 
mate of family functioning before entry into the study was 
16.2. The differences in the mean scores of medically and 
surgically treated patients did not prove statistically signifi- 
cant either with respect to current or prior functioning. 
However, 12 of the 25 surgically treated patients, but only 4 
of the medically treated patients, reported an improvement 
in family functioning over the period. This difference was 
significant. 

The two groups did not differ on two additional measures, 
one of marital and one of sexual satisfaction. In general, pa- 
tients reported a high level of marital satisfaction and a 
somewhat less high level of sexual satisfaction. This last 
finding is surprising in light of the common claim that patients 
with cardiac disease have significant sexual problems. The 
finding may be an artifact of the general tendency of Ameri- 
cans to express verbally satisfaction rather than dissatisfac- 
tion. !®2° 


TABLE V 
Comparison of Social Activity 


Total 
Patients (no.) 51 
Objective measure 
of social activity (Phillips) 
Mean 6.51 
SD 1.10 
Patient’s perceptions of 
social life 
Current social life 
Mean 5.88 
SD 2.24 
Prior social life’ 
Mean 5.12 
SD 2.54 
For average person 
Mean 6.47 
SD 1.25 
For sick person 
Mean 3.29 
SD 1.72 
Patient’s satisfaction with 
friendships 
Mean ae | 
SD 1.04 








TABLE IV 
Comparison of Work Status and Financial Situation 
Signifi- 
cance 
of 
Medical Surgical Differ- 
Total Group Group ence* 
Patients (no.) 51 25 26 
Work status 
Full time 6 3 3 
Part time 4 1 3 NS 
None 41 21 20 
Satisfaction 
with work 
perfor- 
mance 
Mean score 2.14 2.16 2.12 NS 
SD 1.13 .85 1.39 
Annual income 
Median $6,084 $5,375 $7,167 
Range $1,000- $2,000- $1,000- NS 
25,000 15,000 25,000 
Change in 
income 
Lower 19 7 12 
Same 10 8 2 NS 
Higher 17 6 11 
Satisfaction 
with 
finances! 
Mean 3.10 3.56 2.65 t = 2.295 
SD 1.45 1.45 1.32 


* The significance of difference in means was determined by t test; 
in Nem by chi square. Significant results (P « 0.05) are pre- 
sented. 

t Satisfaction was measured on a scale from 1 (extremely satisfied) 
to 6 (extremely dissatisfied). 

t Data are missing for four medically treated patients and one sur- 
gically treated patient. 

$ P «0.05 


Abbreviations as in Table Il. 


Medical Surgical Significance 
Group Group of Difference 
25 26 
6.52 6.50 NS 
1.33 0.86 
5.56 6.19 NS 
2.43 2.04 
4.96 5.27 NS 
2.32 2.78 
6.56 6.38 NS 
1.39 1.13 
3.56 3.04 NS 
1.58 1.84 
1.75 1.65 NS 
1.27 0.80 


i — a P —— M M —— 


* All results proved not significant (NS) in that P 70.05. 


t Estimate of extent of social life before operation, or entry into study. 


t Satisfaction was measured on a scale from 1 (extremely satisfied) to 6 (extremely dissatisfied). 


Abbreviations as in Table Il. 
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TABLE VI , 
Comparison of Family Functioning 
Significance 
Medical Surgical of 
Total Group Group Difference* 
Patients (no.)* 46 21 25 
Current family functioning 
Mean 17.17 16.90 17.40 NS 
SD 3.55 3.36 3.76 
Prior family functioning! 
Mean 16.22 16.76 15.76 NS 
SD 3.73 3.75 3.72 
Change in family functioning 
Worse now 10 E 6 
Same 20 13 7 x? = 4.21! 
Better now 16 4 12 
Satisfaction with marriage 
Mean 1.37 1.32 1.42 
SD 25 85 64 NS 
Sexual satisfaction’ 
Mean 2.84 2.84 2.85 
SD 1.69 1.49 1.89 NS 


* The significance of difference in means was determined by t test; of frequencies by chi square, dichotomizing into "better" versus ''same 


or worse." 
t Data are for married persons only. 
t Functioning before operation or entry into the study. 


Satisfaction was measured on a scale from 1 (extremely satisfied) to 6 (extremely dissatisfied). 


| P «0.05. 
Abbreviations as in Table Il. 


General adjustment and satisfaction with life (Table 
VII): Neither treatment group expressed more current sat- 
isfaction with life than the other, whether satisfaction was 
measured with the Koltuv index or the Cantril ladder. 
Members of one group did not report a change in satisfaction 
with life since treatment was initiated more frequently than 
members of the other group. Finally, the adjustment scores 
of the two groups, according to Rumbaugh's Cardiac Adjust- 
ment Scale, were practically identical. 

Overall, these cardiac patients reported a moderately pos- 
itive satisfaction with their lives. They perceived themselves 
as about as satisfied as the average person (t = 1.15). They also 
viewed their current life satisfaction as decidedly greater than 
their satisfaction before treatment (t = 2.28). However, their 
mean cardiac adjustment score was almost identical with the 
mean of 121 reported by Rumbaugh? for the less well adjusted 
patients with cardiac disease who did not return to work. 


Discussion 


Preliminary reports from a long-range study of the 
cardiac functioning of patients with chronic stable an- 
gina provide some objective support for the presumed 
superiority of surgery over medical management.! No 
statistically significant differences were found between 
patients receiving surgical and medical treatment with 
respect to mortality or the incidence of myocardial in- 
farction or unstable angina unresponsive to medical 
management. However, among the 46 persons with 
three vessel disease, the incidence of unstable angina 
requiring operation or reoperation was significantly 
greater among medically than among surgically treated 
patients. In addition, surgically treated patients as a 
whole demonstrated greater symptomatic improve- 
ment, performed better on exercise tests, and reported 


a greater capacity for physical activity without dis- 
comfort. 

In the present analysis of concomitant psychologic 
and social changes in a subset of subjects in that long- 
range study, we found no differences between medically 
and surgically treated patients in work performance, 
social participation, family functioning or adjustment 
and satisfaction with their lives. They did not differ with 
respect to estimates of their current health status. 
However, surgically treated patients were significantly 
more likely than medically treated patients to report 
improvement in their health and family functioning 
after entry into the study. Additionally, they manifested 
significantly less depression. 

As a group, these patients with cardiac disease evi- 
denced psychologic problems by their very elevated 
levels of hypochondriasis, hysteria and depression, and 
economic problems by their unemployment and low 
incomes. However, they did not see themselves as de- 
prived in their social and family lives. While recognizing 
that their health was not quite on a par with that of the 
average person, they denied that they were sick. Finally, 
they expressed general satisfaction with the quality of 
their lives. 

We emphasize that the present sample consisted 
mainly of lower middle class and working class Ameri- 
cans. Whether similar results would have been obtained 
from a sample of more affluent persons remains an open 
question. However, on the basis of the data presented 
here, what may we conclude? Are the psychologic and 
social outcomes of treatment for chronic stable angina 
superior when surgery is used rather than medical 
management? Do the benefits warrant the trauma and 
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TABLE VII 
Comparison of Adjustment and General Life Satisfaction 


omni li eit hte lt rei EE itta RBERTNEI 


Total 
Patients (no.) 51 
General satisfaction (Koltuv) 
Mean 25.14 
SD 7.41 
Life satisfaction (Cantril ladder) 
Current satisfaction 
Mean 6.65 
SD 2.02 
Prior satisfaction! 
Mean 3.96 
SD 2.93 
Average person's satisfaction 
Mean 6.27 
SD 1.37 
Sick person's satisfaction 
Mean 3.37 
SD 1.82 
Change in life satisfaction 
Worse now 5 
Same 11 
Better 35 
Cardiac adjustment scale 
Mean 127.14 
SD 13.27 


Significance 
Medical Surgical of 
Group Group Difference* 
25 26 
27.56 23.73 NS 
7.24 7.11 
6.64 6.65 NS 
1.80 2.24 
NS 
4.44 3.50 
2.40 3.55 
6.56 5.92 NS 
1.12 1.44 
3.80 2.69 t — 2.185 
1.89 1.69 
4 1 
4 7 NS 
17 18 
126.63 127.62 NS 
12.24 14.38 


* The significance of difference in means was determined by t test; of frequencies, by chi square. 


t Satisfaction before operation or entry into the randomized study. 


t Data are missing for one medically treated patient. 
5 P «0.05. 
Abbreviations as in Table Il. 


cost of surgery? To the first question, we must answer 
Somewhat; to the second question, Perhaps. 
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“SENSE-ABLE” LEAD HAS 








BETTER SENSING, PACING 





The ring-tipped electrode of the Model 6961-62 lead designed for enhanced elec- 


trical efficiency. 


There are three reasons why Med- 
tronic's Tenax™ tined leads have become 
the most prescribed endocardial leads in 
the world. 

e Superior electrical performance of- 
fered by the ring-tip electrode design. 

e Proven reduced incidence of lead dis- 
lodgement. 

e Greater theoretical lead longevity 
based on tests of the multifilar conductor 
Coil. 


Actually, three electrode design fea- 
tures contribute to this lead's superior per- 
formance. 


For one thing, research has shown that 
its reduced electrode surface area (only 8 
mm?) is one of the best compromises be- 
tween high current density for stimulation 
and an acceptable impedance affecting 
sensing. Of course, a reduced electrode 
surface area also minimizes pulse 
generator current drain. 


p Secondly, the gentle curvature of the tip 
electrode minimizes tissue trauma. This 
enhances performance by reducing the 
degree of myocardial tissue degeneration 
which often results in fibrotic build-up. 


The configuration of the Model 6961-62 
electrode concentrates the current field in 
the areas of curvature. This directs more 
available current into the endo/ 
myocardium. Thus, overall electrode effi- 
ciency, primarily stimulation thresholds, is 
enhanced. 


Besides outstanding electrical charac- 
teristics, lab tests of Medtronic's multifilar 
coil design show its having a potential flex 
life over 1,000 times greater than earlier 
endocardial lead designs which used a 
single-filament, nickel-alloy conductor. 


Dislodgement is reduced by the small, 
soft, compliant tines on Medtronic's 
Tenax™ leads. They anchor within the 
cardiac structure of the ventricular 
chamber. In clinical studies, lead related 
reoperation incidence has averaged less 
than 5% for the Model 6961-62 leads, 
compared to 21% for a standard flanged 
endocardial lead without tines. 


For a brochure showing the reoperation 
rates at nine medical centers, plus other 
information on Tenax™ 6961-62 leads, 
send in the coupon on the back. 





Xyrel—VP Pacemaker 
Meets Need of 
Sick Sinus Syndrome 


Flexibility—that’s the benefit the rate 
programmable Xyrel®—VP pulse 
generator offers by allowing you to make 
periodic rate adjustments in your patients 
with progressive diseases such as sick 
sinus syndrome (SSS). 


Here’s how you can take advantage of 
the Xyrel* —VP rate programmability fea- 
ture for your SSS patient: In the early 
stages of SSS, your patient may require 
pacing for just a few moments per month 
when the intrinsic rate drops below the 
rate determined for adequate cardiac out- 
put. The programmed rate allows anormal 
atrial-ventricular contraction sequence 
most of the time. 


Since SSS is often a progressive disease, 
having the flexibility to change rate gives 
you the opportunity to treat a slowing of 
your patient’s normal sinus rhythm. Fre- 
quently, this slowing is accompanied by a 
tendency toward a more unreliable 
rhythm. The SSS patient, therefore, be- 
comes increasingly reliant on the 
pacemaker. As the disease progresses, 
you may elect to program the pacemaker 
to increasingly higher rates to maintain 
cardiac output when the pacemaker is 
needed to provide the dominant rhythm. 


Also, an increase in pacemaker rate may 
be needed to prevent emergence of a less 
suitable tachyarrhythmia. 


XYREL® continued on page 2 





How the Xyrel^ —VP Programmer is 
used to change pacemaker rate. 


Medtronic Simplifies 
Pacemaker 
Follow-Up 


Medtronic is making pacemaker 
follow-up easier and simpler than ever. 


One way is with Cardiocare, a division 
of Medtronic which serves as a vital link 
between the physician and the 
pacemaker patient. At the physician's di- 
rection, Cardiocare provides a monitoring 
service which includes furnishing a 
transmitter, setting a fixed call schedule, 
review of EKG strips and pacemaker data 
by technicians and a cardiologist, regular 
reporting to the physician and 24-hour-a- 
day, seven-day-a-week emergency 
monitoring service. 


Improved equipment is another. A 
modification has been made to Med- 
tronic’s standard Model 9401 Physician 
Receiver. Now it can receive and report 
pulse width reading from the newer Med- 
tronic* transmitters in addition to rate and 
EKG tracing. Furthermore, existing 9401 
units can be returned to Medtronic for 
modifications permitting pulse width 
readout. 


Patients will find the new Medtronic 
9406 Patient Transmitter reliable and con- 
venient. It can be applied to the patient's 
bare chest, or it can be used with fingertip 
electrodes as a table-top device. Although 
this small device weighs only 10 ounces, it 
transmits pulse rate and pulse width over 
most standard telephones. 
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FOR MORE INFORMATION 


| would like more information on: 


O AV Sequential Pacing Products 
O Xyrel*—VP Pulse Generators 

O Tenax™ Model 6961-62 Leads 

O Teletrace® Monitoring Equipment 
O Cardiocare Follow-Up Service 

O 5375 External Pacemaker 

O Other 


Name 
Specialty 
Address 
City 
State Zip 


Send this coupon to: 
Medtronic, Inc. : 
P.O. Box 1453 MS 369 


Minneapolis, MN 55440 AJC 


NEW PRODUCTS ENHANCE 
UPPER CHAMBER PACING 


Both temporary and permanent A-V se- 
quential pacing are likely to see more fre- 
quent applications because of two new 
products recently developed by Med- 
tronic, Inc. These products are the Byrel™ 
implantable A-V sequential pacemaker 
and the Model 5330 external A-V sequen- 
tial pacemaker. The new Byrel™ 
pacemaker, a programmable, lithium- 
powered, ventricular-inhibited device has 
seven A-V programs and one ventricular- 
inhibited mode (atrial portion of unit shut- 
down.) 





Byrel™ implantable pacemaker de- 
signed for A-V sequential pacing. 


5375 Sets Temporary 
Pacing Standards 


For demand or asynchronous tempo- 
rary ventricular pacing, Medtronic con- 
tinues to be the pacemaker of choice in 
the CCU/ICU. 


The 5375 is compact, yet offers the 
physician calibrated flexibility in control- 
ling output, rate and sensitivity. It has 
many otherfeatures inciuding push button 
lead connections and outstanding safety 
features. Send in the coupon for more in- 
formation. 





Model 5375 external pacemaker. 


The Byrel™ pacemakerhas many of tht 
performance features of other Medtroni: 
pulse generators, including a lithiun 
power source, titanium external covering 
hermetically sealed hybrid electronic: 
and more. Of course, both atrial anc 
ventricular leads are required. 


A companion to the Byrel™ is Med 
tronic’s new 5330 external pacemaker de 
signed for temporary atrial, ventricular o 
A-V sequential pacing. 





Model 5330 external pacemaker for 
atrial, ventricular or A-V sequential 
pacing. 


Xyrel® continued 


Naturally, the Xyrel*— VP pacemaker of 
fers the physician more than rate 
programming. Its programmed pulse 
width automatically compensates for the 
steady decrease in pacemaker voltage as 
the lithium cell depletes. 


The rate you program is constant until 
drops 5-11 beats per minute over a one: 
to-six-month period to signal that pulse 
generator replacement is indicated. 


You can select from seven pacing rates 
(50, 60, 70, 75, 80, 90 and 100 ppm) anc 
one diagnostic rate (30 ppm). It shares the 
outstanding proven reliability of all the 
Xyrel® series. 


There's a Xyrel* —AP pacemaker, too 
for atrial demand pacing. 





LA ueni 


Applying Advanced Technology 
to the Spectrum of Heart Care. 


MEDTRONIC PRODUCT INFORMATION SUMMARY 


Medtronic External Products 

Intended Use—The Model 5330 and 5375 external pulse generators are 
intended for use with pacing lead systems for temporary cardiac pacing 
where such procedures are indicated for therapeutic, prophylactic or diag- 
nostic purposes. The Model 5330 may be used for temporary atrial, 
ventricular or A-V sequential pacing. The 5375 is for ventricular pacing. 
Contraindications—Atrial pacing should be used only in patients with 
intact A-V conduction systems. The existence of anomalous conduction 
pathways bypassing normal A-V conduction is a potential contraindication 
for atrial stimulation. In the A-V sequential pacing mode, use of the Model 
5330 with certain implanted lead systems may be contraindicated. See the 
5330 technical manual for more information. 

Warnings All electrical equipment that is used invasively or attached to a 
pacing lead system increases the patient's chances of exposure to poten- 
tially hazardous leakage currents. For complete information on the quality 
and degree of such exposure, consult the technical literature suppiied with 
each product. 

Precautions —All man-made devices are subject to malfunction. Appro- 
priate standby equipment should be immediately available when temporary 
pacing is employed. 

Potential Complications— Major potential complications related to tem- 
porary pacing are asystole following abrupt cessation of pacing and lead- 
system-related problems. Atrial stimulation carries, in addition, the potential 
complication of accidental high-rate ventricular stimulation possibly result- 
ing in ventricular tachycardia or fibrillation. 


Medtronic Monitoring and Follow-Up Devices 

Intended Use—The TeleTrace* Telephone EKG System and the Model 
9510 MiniClinic Pacemaker Monitor are intended for periodic, noninvasive 
monitoring of pacemaker function in the pacemaker patient. 

There are no known contraindications, warnings or major potential com- 
plications associated with the use of this patient monitoring equipment. 
However, these devices should not be used or prescribed without prior study 
of the technical literature supplied with each product. 


Medtronic” Implantable Pulse Generators 

Intended Uses - Ventricular pacing using an implantable ventricular pulse 
generator and lead system are for long-term therapeutic control of heart rate 
in patients with impulse formation or conduction disorders leading to 
bradyarrhythmias, tachyarrhythmias and heart block (see product labeling 
for detailed list of intended uses). An atrial pulse generator is for long-term 
therapeutic control of heart rate in patients with impulse formation disorders 
but with intact, functioning A-V conduction systems. Cardiac pacing using 
an implantable A-V sequential pulse generator is for long-term therapeutic 
control of heart rate in patients where restoration of A-V synchrony is 
indicated to improve cardiac output orto protect against arrhythmias related 
to sequence of cardiac impulse propagation. 

Contraindications— There are no known contraindications to the use of 
pacing as a therapeutic modality for the control of heart rate in patients with 
normal conduction systems. In certain patients with anomalies of the con- 
duction system (WPW syndrome ánd related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, electrophysiologic 
studies are required prior to therapeutic application of pacing. In addition. 
the patient's age and medical condition may dictate the particular pacing 
system and implantation procedure used by the physician. 
Warnings—Diathermy should not be used on patients with pacemakers 
because of possible heat damage to electronic components. Electrosurgi- 
cal units should never be used in the vicinity of unipolar pulse generators or 
bipolar pulse generators implanted in the unipolar mode because of danger 
of introducing fibrillatory currents into the heart via the implanted pulse 
generator/lead. Pulse generators may be damaged by defibrillatory dis- 
charges if the paddles are placed over the implanted pulse generator. 
Precautions— The physician should be aware that all pulse generators will 
ultimately cease to function due to cell depletion and may fail at any time due 
to random component or battery failures which cannot be predicted prior to 
failure. Also, that the pacing system may cease to function at any time due to 
lead-related problems such as displacement, fracture, fibrotic tissue forma- 
tion, elevated thresholds and medical complications, and that proper opera- 
tion may be affected by electrical interference from certain electrical equip- 
ment. 

Side Effects Body rejection phenomena, including local tissue reaction, 
muscle and nerve stimulation, infection, erosion of pulse generator'lead 
through skin, transvenous lead-related thrombosis, embolism and cardiac 
tamponade. 


Medtronic’ Implantable Pacing Leads and Accessories 
Intended Use—Medtronic” Implantable pacing leads are designed to be 
used with Medtronic* pulse generators as part of a cardiac pacing system 
(see product labeling for specific directions regarding applications). 
Contraindications— Endocardial pacing leads are contraindicated in the 
presence of tricuspid valvular disease. 

Warnings—An implanted lead or lead/adaptor combination constitutes a 
direct, low resistance current path to the myocardium. During the connec- 
tion and testing procedures, only battery-powered pulse generators should 
be used with the lead system to protect against ventricular fibrillation in- 
duced by alternating current leakage. Extreme caution must be taken to 
properly ground all line-powered equipment used in the vicinity of the 
patient. Lead adaptors, lead extenders and repair kits should not be used if 
the integrity of the lead is in doubt. 

Precautions — The pacing system may cease to function due to lead-related 
problems such as displacement, fracture, fibrotic tissue formation and ele- 
vated thresholds. 

Side Effects -Body rejection phenomena, infection, erosion or migration 
through body tissue, transvenous lead-related thrombosis embolism. 

How Supplied —Medtronic* permanent implantable leads and accessories 
are supplied sterilized and, in most cases, individually packaged. 
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Statistical data on surgery for congenital and acquired heart disease in 
New York City in the 17 years from 1961 through 1977 and in New York 
State in 1977 document trends in volume and types of operations. The ratio 
of open heart surgery for congenital versus acquired heart disease of 2:1 
in 1961 was reversed to 1:6 by 1977 as the number of procedures for 
valvular and coronary heart disease increased. The case load for surgery 
for congenital heart disease using the open heart technique gradually 
increased until 1974 and then decreased. The number of closed heart 
operations was relatively constant. Observations suggest a finite number 
of open and closed heart operations for congenital cardiac malformations; 
the total of 1,381 cardiac operations in New York State in 1977 may 
continue to diminish if the decreasing birth rate persists. 

The number of operations for valvular heart disease has stabilized, but 
the number of operations for coronary artery disease has increased 7-fold 
since 1970. In 1977, coronary arterial bypass grafting in New York State 
accounted for 63 percent of operations for acquired heart disease (6,407) 
and the mortality rate was less than 3 percent. 


Planning for future cardiovascular surgical care in the United States on 
a cost efficient basis requires a knowledge of recent trends in the number 
and types of cardiac operations performed and their correlation with 
population data. Development and modification of recommendations 
concerning the maintenance, further expansion or closing of expensive 
diagnostic and surgical facilities will depend heavily on analysis of this 
type of information. Aside from raw regional data on surgery available 
through the California Crippled Children Services records! and other 
estimates,2? no detailed survey of cardiac surgery for all age groups has 
been published. 

This paper presents statistical data for cardiovascular surgical pro- 
grams in New York City for the 17 years from 1961 through 1977 com- 
piled under the auspices of the Cardiac Advisory Committee and the 
Bureau for Handicapped Children of the New York City Department 
of Health. In addition, we report 1977 case load and mortality data for 
surgery for congenital and acquired heart disease in New York State that 
have become available for the first time through cooperation with the 
Bureau of Hospital Services of the New York State Department of 
Health. 


Methods 


Collection of cardiovascular surgical statistics: The information tabulated 
for New York City was derived from the annual report questionnaire returned 
by each “approved” hospital* performing open heart surgery. The statistics were 
assembled each year, from 1961 through 1977, in uniform fashion by one of us 
(SPG) and presented annually to the New York City Cardiac Advisory Com- 


* See later for criteria for approval. 
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mittee. T'he statistics for 1977 for upstate New York* were 
analyzed in the same way as the New York City figures, both 
being obtained from the respective hospitals on identical 
annual report forms. Mortality figures include immediate 
operative deaths and those occurring until hospital dis- 
charge. 

Number of hospitals reporting: In 1977, New York State 
had 29 hospitals approved for open heart surgery: 14 for both 
adult and pediatric programs, 14 for adult programs alone and 
1 for pediatric program alone. Of the total, 14 hospitals were 
located in New York City and 15 in upstate New York. 

New York City: During the 17 year period 1961 through 
1977, the number of approved hospitals in New York City 
varied as follows: 1961 to 1970—12 hospitals for both adult 
and pediatric programs; 1970 to 1975-15 hospitals for both 
adult and pediatric programs; 1976—12 hospitals for both 
adult and pediatric programs, plus 3 hospitals for adult pro- 
grams alone, and 1977—9 hospitals for both adult and pedi- 
atric programs, plus 5 hospitals for adult programs alone. 

Upstate New York: In 1977, a total of 15 hospitals were 
approved for open heart surgery in upstate New York: 5 hos- 
pitals for both adult and pediatric programs, 9 hospitals for 
adult programs alone and 1 hospital for pediatric program 
alone (at a children's hospital). 

Background for evaluation and approval of cardio- 
vascular programs: New York State has been actively in- 
volved for 30 years in establishing standards for services for 
cardiac diagnosis and surgery. These standards have been 
developed through close cooperation among health depart- 
ment agencies in New York City and New York State working 
with cardiovascular surgeons and cardiologists in the sur- 
rounding medical community. 

The focus in the late 1940's was primarily on services for 
children because advances in surgery were particularly ap- 
plicable to congenital heart disease (for example, patent 
ductus arteriosus, coarctation of the aorta and tetralogy of 
Fallot). 'The state's Bureau of Medical Rehabilitation (Crip- 
pled Children's Program) was willing to provide financial 
assistance to make cardiac diagnostic study and surgery 
available to needy persons under age 21 years but wanted 
assurance that services would be performed in institutions 
offering the highest quality care. With the development of 
competent facilities in New York State by 1948 to 1949, the 
Bureau adopted a policy of referring patients receiving state 
aid only to hospitals within New York State. | 

In the 1950's New York City and New York State began 
separately to administer programs to monitor cardiac services 
developing in their respective geographic areas. Efforts to 
communicate and coordinate their activities began in the 
1960's. By 1976, collaboration was established on a profes- 
sional advisory basis as well as on an administrative level 
through the New York City Department of Health's Bureau 
for Handicapped Children and the Bureau of Hospital Ser- 
vices, New York State Department of Health. 

Evaluation of cardiac programs for approval for pediatric 
or adult, er both, diagnostic and surgical services was carried 
out by the Cardiac Advisory Committee based on information 
gained from site visits and annual reports. These procedures 
evolved in New York City and were later used in upstate New 
York. 

Cardiac Advisory Committee: This committee was devel- 
oped as an independent consultant body to the New York City 
Department of Health in 1951. Dr. George H. Humphreys II, 
director of Surgical Services, Columbia-Presbyterian Medical 


* Upstate New York refers to all counties outside New York City 


including Albany, Chemung, Erie, Monroe, Nassau, Onondaga and 
Westchester, where cardiovascular surgical centers are located. 
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Center, was appointed first chairman of a committee of 14 
cardiovascular surgeons and cardiologists (adult and pediat- 
ric) and served in this post until his retirement in 1969. When 
the State Cardiac Advisory Committee was formed in 1955, 
4 representatives of the City Committee were included among 
its 17 members. 

The special role of the Cardiac Advisory Committee in New 
York State has been characterized as follows: *An important 
principle is that the Committee is advisory to the State 
Commissioner of Health and has no executive authority. This 
is an important concept, for it removes from the Committee 
any responsibility for litigation that may arise from adverse 
decisions." *. . . thus, professional staff (without salary) serve 
in an advisory capacity to the executive— legislative staff of 
the State, which has responsibility for both economic and 
professional quality control.’ 

Site visits: A survey team approach was initiated in 1958. 
The team comprised two members of the Cardiac Advisory 
Committee (a cardiovascular surgeon and a cardiologist), 
administrative health department staff members, a public 
health nurse and a social work consultant. This multidisci- 
plinary team periodically reviews the credentials of the par- 
ticipating hospital staff and case load statistics and observes 
a cardiac catheterization and an operative procedure. After 
the survey, a written report of the findings is presented to the 
Cardiac Advisory Committee. 

Annual reports: In New York City in 1961, the first annual 
report questionnaire was devised to obtain information about 
the activities of cardiac diagnostic and surgical centers for the 
Cardiac Advisory Committee. It is sent to the administrator 
of each approved hospital performing cardiac catheterizations 
and open heart surgery. 

As of 1974, a uniform annual report was adopted in New 
York City and State by the Bureau of Hospital Services, New 
York State Department of Health. This continues to be re- 
vised annually as new questions arise, such as the volume of 
open heart surgery under age 1 year and the number of reop- 
erations. 

Minimal Work Load Standards for diagnostic studies and 
surgery: These standards were recommended in 1976 for 
maintaining approval of a cardiac center in New York State. 
The numbers for annual surgical case load were as follows: a 
minimum of 100 operations for centers performing adult open 
heart surgery only, 50 operations for certers performing pe- 
diatric open heart surgery only and 100 adult plus 50 pediatric 
operations for centers performing both adult and pediatric 
open heart surgery. Each approved institution that did not 
meet these standards was served notice of concern regarding 
the small case load. | 


Results 


Cardiovascular Surgical Case Loads in New York 
City, 1961 to 1977 


Figure 1 illustrates the trends in case load over the 
17 years from 1961 to 1977 for surgery performed for (1) 
congenital heart disease with the closed heart technique 
(patients of all ages), (2) congenital heart disease with 
the open heart technique (patients cf all ages), (3) ac- 
quired valvular heart disease with the open heart 
technique (adults), and (4) coronary artery disease 
utilizing bypass grafts. Mortality rates for these four 
groups are shown in Figure 2. 


Congenital Heart Disease 


Closed heart surgery: The case load for closed heart 
surgery has remained remarkably stable, averaging 


Volume 44 


i8ooL- X Acquired - Valves — / 


Acquired - Coronary by-pass O----o o 
Cong. Ht. Dis. - Open Amed |; 
IGO Cong. Ht. Dis. - Closed AeA y 
‘ 


NUMBER OF PATIENTS 





i960 63 - 65 67: 69 rtl fa... Tei. 0E 
YEAR 


FIGURE 1. Cardiovascular surgical case load: New York City, 1961 to 
1977. Closed = closed heart operation; Cong. Ht. Dis. = congenital 
heart disease; open = open heart operation. 


between 200 and 300 cases a year (Fig. 1). In 1961, 215 
cases were reported; this number slowly increased, 
reaching a peak of 375 cases in 1968; the case load then 
tended to diminish and in 1977 there were 250 cases. 

Patent ductus arteriosus accounted for approxi- 
mately 100 surgical cases annually; the 1968 peak in 
closed heart surgery also reflected the maximal number 
of patients with patent ductus arteriosus (155) operated 
on. 
Mortality: Mortality data for closed heart procedures 
are available from 1966 on; the rate ranged from 7.2 
percent (in 1977) to 17.7 percent (in 1969) (Fig. 2). 

Open heart surgery: In 1961, congenital heart dis- 
ease represented the major diagnosis for which extra- 
corporeal circulation was used; there were 295 cases 
compared with a total of 130 cases of acquired heart 
disease in adults (Fig. 1). The number of open heart 
operations performed in patients with congenital dis- 
ease increased gradually to a maximum of 661 cases in 
1974. Subsequently, the volume dropped to a low of 484 
cases in 1976. 

The relative increase in case load to 562 in 1977 is 
attributable to the increase in open heart surgery in 
infants under age 1 year. Whereas approximately 65 
infants had been operated on annually in 1974, 1975 and 
1976, this number increased to 107 in 1977 (Fig. 3). 
During this 4 year period, there was no significant 
change in the number of closed heart operations (113 
. to 132 a year) or of cardiac catheterization diagnostic 
studies (441 to 498 a year) in this age group. 

Approximately 75 percent of the total number of open 
heart operations for congenital heart disease were per- 
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FIGURE 2. Percent mortality for all cardiac operations: New York City, 
1961 to 1977. Abbreviations as in Figure 1. 
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FIGURE 3. Cardiovascular surgical case load and diagnostic studies 
in infants under age 1 year: New York City, 1974 to 1977. 
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formed in the same four to six institutions (three uni- 
versity-affiliated) in the 17 year period. In the area of 
pediatric heart surgery, no existing “small” program, 
or one that began after 1961, developed and sustained 
a major case load. The number of institutions per- 
forming open heart surgery for congenital heart disease 
decreased from a maximum of 15 between 1970 and 
1975 to 9 in 1977. 

Mortality: The mortality rate for open heart proce- 
dures ranged from 7 to 15 percent. Case selection in 1977 
of increasingly complex congenital malformations 
contributed to the overall mortality rate of 13.3 percent 
(Fig. 2). 


Acquired Heart Disease 


Valve surgery: There was about a 9-fold increase in 
the number of valve operations performed in the 17 
years from 1961 to 1977 (Fig. 1). In the first few years 
of collection of statistics, this total included open 
commissurotomy for mitral or aortic valve stenosis or 
valve anuloplasty, but it subsequently almost exclu- 
sively represented valve replacement (single, double or 
triple). Valve surgery appeared to reach a plateau in 
1975 with a total of 1,151 surgical cases in 1977. Specific 
information regarding reoperation was first requested 
in 1977 when 46 of 1,151 valve insertions (4 percent) 
were replacements of previous prostheses. 

Mortality: A marked drop in mortality rate occurred 
in the 17 year period. The 1961 mortality rate of 40 
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percent decreased to approximately 7 percent in the last 
3 years (Fig. 2). 

Coronary arterial bypass graft procedures: In 
1970 when data on these procedures were first sought 
and tabulated, 300 bypass graft operations were per- 
formed. The case load had more than doubled by the 
following year. Over the next 5 years, the steep increase 
in case load continued, reaching a total of 2,211 cases in 
1977 (Fig. 1). 

Mortality: A steady reduction in deaths has occurred 
from 8 percent in 1970 to less than 3 percent in the last 
4 years (Fig. 2). 


1977 Open Heart Surgery for Acquired Heart Disease 
in New York City and State 


Open heart surgery in 1977 for the combined total of 
6,407 cases of acquired (valvular and coronary) heart 
disease was performed in 28 institutions, 14 in New 
York City and 14 in upstate New York (Fig. 4). Five of 
the 14 centers in upstate New York performed 200 or 
more operations, or 60 percent of the upstate total 
(2,596). In New York City, one half of the approved 
centers carried out 80 percent of the total city case load 
(3,811) that is, 7 of the 14 institutions performed 200 or 
more operations (2 performed 300 or more and 2 per- 
formed 700 or more). 

The relative distribution of operative procedures 
and mortality for acquired heart disease was similar 
in New York City and upstate New York. The total state 
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Eh. FIGURE 4. Open heart surgery for acquired heart disease: , 
New York State, 1977. CAB = coronary arterial bypass 
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(63 percent of the combined city and upstate total of 
6,407 cases) with a mortality rate of 2.7 percent. There 
were 1,749 valve replacement procedures (26 percent 
of the combined total); 1,672 were initial operations 
(mortality rate 6.6 percent) and an additional 77 were 
reoperations (mortality rate 22 percent). ‘There were 316 
operations utilizing coronary bypass grafting plus valve 
replacement (mortality rate 16.7 percent). The *mis- 
cellaneous” category included resection of ventricular 
or aortic aneurysms, alone or in combination with cor- 
onary bypass grafting; this group of 228 cases in New 
York City included some patients with cardiogenic 
shock, contributing to the high mortality rate (23.6 
percent). 


1977 Open Heart Surgery for Congenital Heart 
Disease in New York City and State 


The combined total of 915 cases of open heart surgery 
for congenital heart disease was performed in 15 insti- 
tutions, 9 in New York City and 6 in upstate New York. 
In 1977, four of nine approved centers in New York City 
performed 50 or more operations (57, 58, 64 and 174, 
respectively), or 62 percent of the city total (562); in 
upstate New York, three of the six centers performed 
50 or more operations (67, 69 and 91, respectively), or 
64 percent of the upstate total (353). 

Age summary: Patients of all ages with congenital 
heart disease are included in the statistics. The break- 
down by age group in 1977 is shown in Figure 5. Two 
thirds of the patients were operated on between age 1 
and age 21 years. Just over one half of the remaining 
number were infants under age 1 year, and a somewhat 
smaller number were adults over age 21 years. 

Diagnoses: Case loads and mortality rate for the 
10 most common conditions in patients undergoing 
open heart surgery in 1977 are illustrated in Figure 6. 
The overall mortality rate was 12 percent. The fre- 
quency distribution of the cases in the city and upstate 
New York was remarkably similar and the combined 
experience is summarized as follows: 

Atrial septal defect, secundum type (243 cases) 
represented 26 percent of the total of 915 cases, and the 
mortality rate averaged 1.5 percent. Sixty-four patients 
(26 percent of the group of 243) were over age 21 
years. 

Ventricular septal defect (143 cases) represented 16 
percent of the total case load, and the overall mortality 
rate was 5 percent. 

Tetralogy of Fallot (127 cases) represented 13 per- 
cent of the case load, and the overall mortality rate was 
15 percent. 

In order of decreasing frequency, the following con- 
ditions were tabulated: 

Pulmonary stenosis (58 cases), 2 percent mortality 
rate 

Transposition of the great vessels (49 cases), 25 
percent mortality rate (mostly Mustard operations) 

Aortic stenosis (46 cases), 10 percent mortality 
rate 
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Ventricular septal defect and pulmonary stenosis 
(37 cases), 8 percent mortality rate 

Ostium primum atrial defect (37 cases), 2.5 percent 
mortality rate 

Atrioventricular canal (33 cases), 24 percent mor- 
tality rate 

Total anomalous pulmonary venous return (21 
cases), 38 percent mortality rate. 

The “miscellaneous” category of 121 cases (26 per- 
cent mortality rate) includes patients with various 
conditions, including pulmonary atresia with intact 
ventricular septum, truncus arteriosus, tricuspid atresia, 
ventricular septal defect with aortic regurgitation, 
ventricular septal defect with pulmonary arterial 
banding, and ventricular septal defect with congenitally 
corrected transposition of the great vessels. 


1977 Closed Heart Surgery for Congenital Heart 
Disease in New York City and State 


The total case load of 466 was nearly equally divided 
between New York City (250) and upstate New York 
(216); the overall mortality rate was 7.5 percent (Fig. 7). 
The ratio of open to closed heart operations for con- 
genital heart disease in 1977 was, respectively, 2.2:1 and 
1.4:1 for the city and upstate. 

Patent ductus arteriosus was the most frequent di- 
agnosis in patients undergoing closed heart surgery in 
the city (102) and upstate (66); the mortality rate was 
2.5 percent. The breakdown by age (Table IA) indicates 
that in nearly 40 percent of cases the patients were in- 
fants under age 1 year. 

There were 57 cases of closed heart surgery for 
coarctation of the aorta in New York City in 1977 or 
approximately one half the number of cases of patent 
ductus arteriosus. This ratio was characteristic of the 
17 year period. In upstate New York, the total number 
of cases of coarctation (60) was similar to that of pa- 
tients with patent ductus arteriosus. When more than 
one operative procedure was carried out in an infant 
with coarctation, such as patent ductus ligation or 
pulmonary arterial banding, the case was listed under 
coarctation of the aorta. The age distribution of patients 
with coarctation (Table IB) was similar in the city and 
upstate, with approximately 21 percent of the patients 
operated on being under age 1 year. 
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Shunt operations accounted for 20 percent (94) of the 
total group of 466 closed heart procedures. These in- 
cluded Blalock-Taussig anastomosis (50 cases), 
Waterston anastomosis (20 cases), Glenn shunt (1 case) 
and “other” (13 cases, including 2 Potts and 11 Gortex 
shunts). 

Pulmonary arterial banding (36 cases), Brock pul- 
monary valvulotomy (10 cases) and Blalock-Hanlon 
atrial septectomy (10 cases) were tabulated as noted in 
Figure 7. The “miscellaneous” category included divi- 
sion of vascular ring, ligation of anomalous left coronary 
artery, revision of Waterston shunt. 


Discussion 


Congenital Heart Disease 


The overall operative experience for congenital heart 
disease in New York City since 1961 indicates that there 
is a relatively limited case load for closed and open heart 
surgery, which amounted to 812 cases in 1977. The case 
load for closed heart surgery was remarkably stable (200 
to 300 operations annually with a total of 250 in 1977). 
Performance of open heart surgery showed a slow, 
gradual increase until 1974, when it began to decrease. 
The upswing in 1977 is attributable to the increasing 
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number of open heart operations performed on infants 
under age 1 year. This remarkable development has 
been made possible by advances in surgical techniques, 
including deep hypothermia, applicable to this very 
young, high risk age group. 

Because the number of infants and children with 
cardiac malformations who are studied and operated 
on is directly related to population base, one may expect 
the total case load to decrease in proportion to the de- 
clining birth rate. However, calculations of the relation 
of the 812 operations for congenital heart disease in New 
York City to the most recently recorded live birth total 
of 105,000 (a decline of 63,000 from 1961 to 1976)5 would 
be skewed because referral for diagnosis and surgery 
comes from outside the greater New York area. This 
accounts for the larger surgical case load of congenital 
heart disease in New York City compared with that in 
upstate New York (569), which has both a larger pop- 
ulation base and live birth rate.* 

The proportion of open to closed heart operations 
for congenital heart disease on the basis of the New 


* Vital statistics for New York State for 1976 indicate (1) a total state 
population of 18,053,500, including 7,415,600 in New York City; (2) 
a total state population of live births — 235,176, including 105,491 in 
New York City.® 
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FIGURE 7. Closed heart surgery for congenital heart disease: New York 
State, 1977. B-H = Blalock-Hanlon atrial septectomy (one death); Brock 
= pulmonary valvotomy (four deaths); C of A = coarctation of aorta; 
MISC. = miscellaneous; % = mortality; PA Band. = pulmonary arterial 
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York State total of 1,381 cases in 1977 indicates a ratio 
of approximately 2:1. This proportion of open heart 
procedures is lower than that suggested by the state- 
ment of the Section of Cardiology of the American 
Academy of Pediatrics, which projected that three of 
four surgical cardiac procedures should be open.’ 
However, the relatively large volume of closed heart 
operations is not accounted for by a recent increase in 
the amount of surgery for patent ductus arteriosus in 
the neonatal period; the number of ductal divisions, at 
least in New York City, was constant at approximately 
100 cases annually in the 17 year period. However, it is 
possible that with the increasing number of open heart 
operations in infants under age 1 year, the ratio may 
shift because primary repair will be performed in place 
of palliative closed procedures (especially for ventricular 
septal defect and tetralogy of Fallot). This prediction 
emphasizes the need to plan for centers that would have 
optimal resources for the care of the very young infant; 
in some areas such plans should be considered in con- 
junction with regionalization of other specialized neo- 
natal services. 


Acquired Heart Disease 


The surgical statistics for New York City document 
the marked growth of the case load of adult acquired 
heart disease in the 17 year period. Whereas valve sur- 
gery constituted less than half of the total case load of 
open heart surgery in 1961, in 1977 valve operations 
were performed more than twice as frequently as op- 
erations for congenital heart disease. —. 
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TABLE | 


Age of Patients Undergoing Closed Heart Surgery in 1977 
for Patent Ductus Arteriosus and Coarctation of Aorta 
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Age (yr) City Upstate Totals 
A. Patent Ductus Arteriosus 
<1 year 38 27 65 
1-21 years 60 38 98 
>21 years 4 1 5 
Total 102 66 168 
B. Coarctation of Aorta 
<1 year 14 11 25 
1-21 years 38 45 83 
>21 years 5 4 9 
Total 57 60 117 





The phenomenal increase in open heart surgery for 
adults is primarily related to the introduction of surgical 
techniques for treatment of coronary artery disease. 
After 1970, when statistics for coronary arterial bypass 
graft procedures were first collected, there was a 7-fold 
increase in case load in New York City, amounting to 
over 2,200 cases in 1977. Although these operations are 
performed with an acceptably low mortality rate (less 
than 3 percent), further follow-up will be needed to 
document their long-term benefits and requirements 
for reoperation. 

Many of the cardiac centers already in existence in 
New York City in 1970 expanded their facilities for di- 
agnosis and surgical treatment of adults with heart 
disease without initiating new programs. As the adult 
surgical case load grew in some centers, concurrent 
programs for infants and children with congenital heart 
disease diminished or were discontinued unless a very 
vigorous pediatric cardiology service already existed. 
However, a few institutions that had tried unsuccess- 
fully to maintain a viable adult surgical program de- 
veloped instead an ongoing diagnostic service in affili- 
ation with an established surgical center. 


Surgical Case Load and Guidelines 


The 1976 New York State open heart minimal case 
load standards for centers for adults (100 cases a year) 
and children (50 cases a year) are below those publishec 
as national guidelines by the Inter-Society Commissior 
for Heart Disease Resources (200 open heart operations 
a year) and those recommended in 1978 by the Sectior 
of Cardiology of the American Academy of Pediatric: 
(75 open heart cases of a total 100 pediatric operation: 
a year) and may be subject to revision in the future.” 
The most recent standards applicable to open hear 
surgical programs, which were published by the Unitec 
States Department of Health, Education, and Welfare,’ 
closely follow the recommendations of the Inter-Society 
Commission and the American Academy of Pediatrics 
Their guidelines, which evolved from the Nationa 
Health Planning and Resources Development Act o 
1974, state that a minimum of 200 adult open hear 
procedures or 100 pediatric heart operations annually 
or both, (at least 75 using the open heart technique 
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: should be performed within 3 years after initiation of 
an adult or pediatric program, or both. Furthermore, to 
prevent duplication of costly resources that are not fully 
utilized, it is projected that the opening of new units 
should be contingent on each of the existing ones in a 
given Health Services Area already functioning at a level 
of at least 350 adult or 130 pediatric open heart proce- 
dures annually. 

Only 2 of the 15 pediatric open heart centers in New 
York State in 1977 met the aforementioned minimal 
annual case load standard of 75 operations, 1 in New 
York City and 1 in upstate New York. The minimum of 
200 adult open heart operations was achieved by only 
12 of the 28 approved institutions in New York State in 
1977—7 in New York City and 5 in upstate New 
York. 

In New York City throughout 17 years of observation, 
there was no close correlation between the number of 
open heart operations performed for congenital or ac- 
quired heart disease and the mortality rate at a surgical 
center. This finding is attributed to the surveillance of 
the Cardiac Advisory Committee and the institutions’ 
wisdom in selecting only cases they could handle and 
referring those they deemed too complicated. Although 
a liberal and flexible approach to minimal case load 
standards did not compromise quality and safety, it is 
possible that from an economic standpoint the number 
of centers for current and anticipated cardiovascular 
surgical needs may be excessive. 

Because our data relate only to surgical experience, 
other aspects of the total program required for provision 
of optimal cardiac care have not been considered. These 
involve the availability of quality diagnostic studies, 
including cardiac catheterization and angiography 
performed by a highly trained staff, as well as facilities 
for therapeutic medical and surgical follow-up. Sound 
planning for cardiovascular care therefore cannot con- 
sider surgical programs alone, although our data on such 
programs provide concrete evidence of the magnitude 
of the problem. 


& 
Addendum « 


After this paper was submitted, cardiovascular sur- 
gical statistics for 1978 were compiled. The total number 
of open heart operations for congenital heart disease in 
New York State declined to 843 (915 in 1977): 40 were 
reoperations utilizing cardiopulmonary bypass tech- 
niques for the second time. The case load for acquired 
heart disease increased to 6,997 (6,407 in 1977): 1,861 
patients had valve replacements (77 reoperations) and 
4,432 patients had coronary arterial bypass grafts (37 
reoperations). 
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A rare case is reported of premature closure of the foramen ovale in d- 
transposition of the great vessels with intact ventricular septum and normal 
development of the left side of the heart. Asphyxia neonatorum and car- 
diac failure were the manifestations in the early neonatal period. Balloon 
atrial septostomy during cardiac catheterization would be unsuccessful 
in infants with this condition, and closed atrial septectomy (Blalock-Hanlon 
procedure) would be necessary for survival. 


Premature narrowing or closure of the foramen ovale is an infrequent 
but not rare anomaly. Lev et al.! in 1963 reported 25 such cases. Analysis 
of 1,150 cases of congenital heart disease studied at the Congenital Heart 
Disease Research and Training Center revealed 10 examples of this 
anomaly. 

To our knowledge there are no documented instances of a malfor- 
mation of premature closure of foramen ovale in complete transposition 
of great vessels in situs solitus with intact ventricular septum and with 
normal development of the left heart chambers. For this reason, we re- 
port the clinical and anatomic features of a patient with this 
anomaly. 


Case Report 


This male newborn infant was born to a gravida 16, para 15, 43 year old woman. 
All previous pregnancies and deliveries were normal. Primary cesarean section 
was performed for failure of labor to progress. The infant weighed 4.0 kg at birth 
and was given Apgar scores of 2 and 5 at 1 and 5 minutes, respectively. The 
amniotic fluid was stained with thick meconium. He exhibited severe central 
cyanosis immediately after birth and was intubated. The umbilical arterial blood 
gases at age 35 minutes with concentration of inspired oxygen in air of 0.70 
showed a pH value of 7.15, arterial oxygen pressure tension of 24 torr, partial 
pressure of carbon dioxide of 42 torr with a base excess of —14. The peripheral 
perfusion was very poor, brachial and femoral pulses were equal and very weak 
and the liver was not enlarged. The first heart sound was normal and the second 
sound was single and accentuated. No cardiac murmur was heard. A frontal chest 
roentgenogram (Fig. 1) was interpreted as demonstrating moderate cardiomegaly 
with increased pulmonary vascular markings. An electrocardiogram (Fig. 2) 
showed severe right ventricular hypertrophy, right atrial hypertrophy and an 
indeterminate QRS axis in the frontal plane. The arterial oxygen pressure in 
subsequent umbilical arterial blood gas studies ranged from 19 to 26 torr. The 
clinical diagnosis was complete transposition of the great vessels with possible 
central nervous system hemorrhage and sepsis. The infant was treated vigorously 
with digoxin and furosemide for congestive heart failure but died 12 hours after 
birth. 
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TRANSPOSITION OF GREAT VESSELS—BHATT AND JUE 





FIGURE 1. Frontal chest roentgenogram demonstrating cardiomegaly 
and increased pulmonary vascular markings. 


Pathologic Examination 


The heart was enlarged. The great arteries were transposed 
with the aorta arising from the right ventricle and the pul- 
monary trunk arising from the left ventricle, as observed in 
d-transposition of great arteries in situs solitus (Fig. 3). The 
right atrium was dilated and the tricuspid valve was normal 
(Fig. 4). The right ventricle was hypertrophied with the aorta 
arising from the right ventricle above the parietal and septal 
bands of the crista supraventricularis. The aortic valve was 





FIGURE 3. Heart specimen showing complete transposition of great 
arteries. Ao = aorta; LV = left ventricle; PT = pulmonary trunk; RV = 
right ventricle. 
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FIGURE 2. Electrocardiogram showing indeterminate QRS axis, right 
ventricular hypertrophy and right atrial hypertrophy. 





normal. The coronary arteries arose from the aorta. Marked 
aneurysmal dilatation of the valve of the fossa ovalis was noted 
with bulging into the left atrium (Fig. 5). The pulmonary veins 
joined the left atrium normally. There was a probable minis- 
cule opening at the inferior border of the foramen ovale 
measuring 1 mm. The size of the left atrium was normal. The 
anterior and posterior mitral leaflets and the papillary muscle 
were well developed and normal. The size of the left ventricle 
was normal (Fig. 5). No ventricular septal defect was observed. 
There was no evidence of endocardial fibroelastosis involving 
the left atrium or left ventricle. The pulmonary valve and the 
pulmonary trunk and its branches were normal. The patent 
ductus arteriosus was probe- -patent. 
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FIGURE 4. Heart specimen KARPE a dilated right atrium (RA) and 
normal tricuspid valve (TV). Theright ventricle (RV) was hypertrophied. 
FO = fossa ovalis. 
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Discussion 


The review by Lev et al.! and published case reports 
reveal that premature closure or narrowing of the 
foramen ovale may be associated with various complex 
cardiac lesions. The latter have been classified into two 
categories: (1) those with associated ventricular septal 
defect but without mitral atresia, and (2) those without 
ventricular septal defect or mitral atresia but with mi- 
tral stenosis and aortic atresia.! 

Anatomic and physiologic features: Shaher? re- 
viewed 178 heart specimens with complete transposition 
of the great arteries. In 118 specimens with intact ven- 
tricular septum the foramen ovale was patent in all 
cases. In 5 of 60 specimens with transposition of the 
great arteries and ventricular septal defect there was no 
communication at the atrial level. Similarly in a study 
of 140 cases by Landtman et al.? no instance of pre- 
mature closure of the foramen ovale with intact ven- 
tricular septum and normal development of the left 
heart chambers was observed. Our case is a unique ex- 
ample of this combination of findings. 

Concerning the architecture of the fossa ovalis re- 
gion, it would appear that the pathogenesis of prema- 
ture closure of the foramen ovale varies. It may be re- 
lated either to a lack of formation of an opening in the 
septum primum to constitute the ostium secundum or 
to an abnormal formation of the septum secundum. 

From a physiologic standpoint, the premature nar- 
rowing or closure of the foramen ovale implies that in- 
ferior vena caval blood cannot be shunted to the left 
atrium as it normally does in fetal life. T'herefore, there 
is volume hypertrophy of the right atrium and right 
ventricle. There is a corresponding atrophy or hypo- 
plasia of the left atrium and also the left ventricle in the 
absence of a ventricular septal defect. The only blood 
getting into the left side of the heart is that delivered 
from the pulmonary venous return. In the absence of a 
ventricular septal defect this is accomplished by the 
blood flow through the ductus arteriosus. In all types 
of premature closure of the foramen ovale the ductus 
is increased in diameter during fetal life. 

The autopsy in our case showed normal development 
of the left atrium, mitral valve, left ventricle, pulmonary 
valve and pulmonary artery. This would be impossible 
if the premature closure of the foramen ovale occurred 
quite early in fetal life. At birth, with the presumed 
decrease in pulmonary resistance and closure of the 
ductus arteriosus, the course of events is most lethal 
from a few hours to a few days after birth. 

Clinical features: The hemodynamic events explain 
the clinical findings in our case, which were character- 
ized by failure of labor to progress to delivery and fetal 
distress in a 43 year old gravida 16 mother whose pre- 
vious deliveries were normal. The neonate had severe 
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FIGURE 5. Heart specimen showing marked aneurysmal dilatation of 
the valve of the fossa ovalis (VFO) bulging into the left atrium (LA). The 
mitral valve (MV) and left ventricle (LV) were normal. 


asphyxia neonatorum, respiratory distress with severe 
hypoxia and metabolic acidosis and congestive cardiac 
failure. 

Roentgenologic and electrocardiographic information 
in patients with premature closure or narrowing of the 
foramen ovale is lacking because most of these patients 
died shortly after birth.! In our case the series of chest 
X-ray films showed progressive marked cardiomegaly 
with increased pulmonary vascular markings. The 
electrocardiogram showed severe right atrial and ven- 
tricular hypertrophy as discussed by Lev et al.! 

In our case the flow to the pulmonary circuit was ac- 
complished by retrograde filling of the patent ductus 
arteriosus from the aorta. The ductus arteriosus was 
observed to be only probe-patent at autopsy. We hy- 
pothesize that the premature closure of the foramen 
ovale occurred late in fetal life as evidenced by normal 
development of the left atrium, mitral valve, left ven- 
tricle and pulmonary arterial tree. 

This case also presents a rare instance of asphyxia 
neonatorum caused by premature closure of the fora- 
men ovale associated with complete transposition of 
great vessels. Balloon septostomy cannot be performed 
in such as case during cardiac catheterization. Closed 
atrial septectomy (Blalock-Hanlon procedure) is indi- 
cated. 
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Arteriovenous fistula of the innominate artery occurred in a patient 3 
weeks after retrograde brachial arterial catheterization was performed 
1 day before aortocoronary bypass surgery. Intramural dissection was 
noted at catheterization, and a mediastinal hematoma at operation. Ex- 
ploration of the hematoma in the course of catheterization might have 
prevented the arteriovenous fistula, which necessitated a second oper- 
ation 3 weeks after the first. To our knowledge this complication of ret- 
rograde brachial catheterization has not previously been described. We 
recommend that known injuries to cervical or thoracic arteries occurring 
just before operations requiring extracorporeal circulation be explored 
to prevent late complications. Recent injuries to the cervical and thoracic 
arteries that are not accessible to external compression should be ex- 
posed and treated during sternotomy to prevent late complications if 
heparinization is contemplated. 


Arterial complications of brachial coronary arteriography are well de- 
scribed. In a nationwide survey of 173 hospitals in 1970 to 1971 Adams 
et al.’ collected 46,904 cases. Brachial arterial thrombosis requiring 
operation occurred in 1.67 percent of patients, bleeding requiring surgery 
in 0.06 percent and pseudoaneurysm formation in 0.06 percent. Arte- 
riovenous fistula was not reported. Campion et al.? conducted a pro- 
spective study of 342 patients undergoing retrograde brachial arterial 
catheterization and found that 24 (7 percent) were reoperated on for 
thrombosis; no patient was operated on for bleeding. A large hematoma, 
one with nerve compression, occurred in four patients, and Staphylo- 
coccus aureus infection developed at the arteriotomy in one patient. No 
arteriovenous fistula occurred. Single cases of brachial arteriovenous 
fistula? and intrathoracic right subclavian arterial aneurysm^ have been 
reported. We recently encountered a patient who had an innominate 
arterial arteriovenous fistula after retrograde brachial arterial cathe- 
terization. We believe that this unusual complication has not previously 
been reported. 


Case Report 


A 61 year old man was studied with retrograde brachial coronary arteriography 
to evaluate angina pectoris of 2 years' duration that culminated in an episode 
of coronary insufficiency. The subclavian artery was tortuous, and a Sones 
catheter was passed over a guide wire to enter the ascending aorta. Intramural 
dissection with the guide wire was noted. Complete coronary arteriography 
demonstrated total obstruction of the left anterior descending coronary artery, 
90 percent narrowing of the right and 80 percent narrowing of the left circumflex 
coronary arteries, 90 percent narrowing of a lateral ventricular circumflex branch 
and 80 percent narrowing of a diagonal coronary artery. 

The following day, quintuple coronary bypass grafting was performed using 
extracorporeal circulation. The left internal mammary artery was anastomosed 
to the left anterior descending coronary artery, and an autogenous saphenous 
vein graft was constructed from the aorta sequentially to the diagonal branch 
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and first and second lateral ventricular branches and termi- 
nating in the posterior descending coronary artery. Flow, 
measured in the graft with an electromagnetic probe, was 250 
ml/min and increased to 320 ml/min as a result of reactive 
hyperemia after 20 seconds of occlusion. Hematoma was notéd 
in the right superior mediastinal tissues but was not investi- 
gated. The patient made an uneventful recovery. There was 
no evidence of perioperative infarction, and he was discharged 
after 8 days. 

Eleven days after discharge, on routine office examination 
by his referring physician, a continuous murmur was heard, 
loudest in the suprasternal notch and the right clavicular area. 
The patient was readmitted and the following day a retrograde 
femoral thoracic aortogram was obtained. The aortocoronary 
bypass grafts were patent. An arteriovenous communication 
from the innominate artery to the left innominate vein was 
demonstrated (Fig. 1). On the 2nd hospital day, the right neck 
and upper portion of the sternotomy were explored. The in- 
nominate artery was tortuous. Proximal control of the in- 
nominate artery and distal control of the right subclavian and 
right common carotid arteries were secured to isolate a false 
aneurysm diameter of 0.8 cm arising from a 0.2 cm laceration 
in the anterior surface of the innominate artery and draining 
into a 0.3 cm middle jugular vein that was tented over it. The 
aneurysm was opened, the vein ligated proximally and distally, 
and the artery repaired with polypropylene suture. Five days 
after operation the patient was discharged. 


Discussion 


Previous reports of arteriovenous fistula after 
arterial or venous catheterization: Acquired arte- 
riovenous fistula of major arteries occurs chiefly after 
trauma, and can also occur after iatrogenic injury. Rich 
et al.? reviewed 558 arterial injuries resulting from the 
Vietnam conflict; these comprised 296 false aneurysms 
and 262 arteriovenous fistulas. Six fistulas arose from 
the common carotid artery and one from the innominate 
artery. All were repaired soon after the diagnosis was 
made. Chiavacci et al. reported a false aneurysm of the 
anomalously arising right subclavian artery that re- 


FIGURE 1. Thoracic aortogram, left 
anterior oblique projection (left) and 
drawing (right) demonstrating fistula 
from the right innominate artery to the 
superior vena cava. AV FIST = arte- 
riovenous fistula; LCCA = left common 
carotid artery; LSCA - left subclavian 
artery; RCCA = right common carotid 
artery; RIA = right innominate artery; 
RSCA - right subclavian artery; SVC 
— superior vena cava. 
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sulted after difficult retrograde brachial arterial cath- 
eterization requiring the use of guide wires. This an- 
eurysm enlarged over a 22 month period leading to 
dysphagia and a right Horner's syndrome before the 
diagnosis was suspected and confirmed by contrast 
study. Resection of the aneurysm led to resolution of the 
symptoms. 

Brachial arteriovenous fistula occurring 5 months 
after brachial arterial retrograde cardiac catheterization 
was reported by Lalljee? and treated by repair of the 
fistula and the associated false aneurysm, located at the 
arterial suture line. Arteriovenous fistula complicated 
percutaneous internal jugular vein catheterization in 
a patient of Ortiz et al. who underwent closure of a se- 
cundum atrial septal defect. The catheter was removed 
after 3 days and a continuous murmur became audible 
1 week later. An aortogram before repair of the fistula 
showed that it originated from the thyrocervical trunk, 
which was presumably lacerated during insertion of the 
catheter, and remained tamped until removal of the 
catheter. In a report by McEnany and Austen,’ life- 
threatening hemorrhage resulted from inadvertent 
cervical arteriotomy in two patients. Preoperative in- 
sertion through the internal jugular vein of flow-di- 
rected balloon-tipped pulmonary arterial catheters was 
attempted and the carotid artery punctured. The first 
patient underwent emergency coronary revasculariza- 
tion shortly after catheter insertion was attempted and 
required control of the arterial lacerations by direct 
suture. In the second, after prosthetic replacement of 
a diseased aortic valve, a large right mediastinal he- 
matoma developed that subsided within a 6 month pe- 
riod. 

Mechanism of formation, prevention and treat- 
ment: Arterial laceration is the first step in development 
of acquired arteriovenous fistula. The laceration is 
commonly tamped by surrounding hematoma, and 
thrombus formation seals the opening. Rarely, a false 
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aneurysm forms. This may remain stable, may throm- 
bose or may enlarge. Occasionally the false aneurysm 
will decompress into an adjacent vein, causing an arte- 
riovenous fistula. Administration of heparin, as in our 
patient and in those of McEnany and Austen,’ serves 
to inhibit thrombus formation at the laceration, setting 
the stage for hemorrhage and aneurysm formation. 
Complications of arteriovenous fistula include high 
output congestive heart failure, infection at the fistula 
and progressive enlargement. Early repair eliminates 
the risk of complications, and can safely be done once 
the anatomy is delineated with arteriography. After 
arterial puncture false aneurysm is prevented by pres- 
sure until thrombus has sealed the laceration. If com- 
pression is not possible, because the artery is inac- 
cessible, such as the subclavian or the innominate artery 
or the abdominal aorta (punctured for translumbar 


aortography), the laceration must be passively con- 
trolled by the developing hematoma. 

In our patient, the history of intramural dissection 
and subsequent mediastinal hematoma at sternotomy 
for coronary bypass surgery should have led us to ex- 
ploration to seek the cause. Retransfusion of shed blood 
by way of the extracorporeal circuit would permit repair 
under controlled conditions. Whether a false aneurysm 
was already present before, or resulted from, heparin- 
ization during the operation cannot be determined. In 
either event, suture of the laceration could have been 
done simply and safely, and the need for another oper- 
ation avoided. In future cases when known arterial in- 
jury has occurred and hematoma is encountered in the 
course of a procedure requiring heparinization, we plan 
to explore the area to visualize and control the 
source. 
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In two patients infective endocarditis developed as the primary mani- 
festation of idiopathic hypertrophic subaortic stenosis. Infected vegetations 
were present on the mitral and aortic valves. In addition, bacterial vege- 
tations were observed on the septal endocardium at the site of contact 
between the mitral valve leaflet and the hypertrophic septum. Thus, 
chronic endocardial trauma, a common finding in idiopathic hypertrophic 
subaortic stenosis, may provide a fertile nidus for the development of 
bacterial vegetation. 


Infective endocarditis has been reported to occur in 5 to 9 percent of 
patients with idiopathic hypertrophic subaortic stenosis.’~’ The diag- 
nosis of infective endocarditis generally has been made retrospectively 
based on the presence of prior febrile episodes in patients subsequently 
demonstrated to have idiopathic hypertrophic subaortic stenosis at 
cardiac catheterization.4~” Less frequently, infective endocarditis has 
developed after dental work or cardiac catheterization in patients with 
known idiopathic hypertrophic subaortic stenosis.5? Recently, a fatal 
case of endocarditis was reported in a patient with suspected idiopathic 
hypertrophic subaortic stenosis subsequently confirmed at autopsy.!° 

Few pathologic observations of infective endocarditis complicating 
idiopathic hypertrophic subaortic stenosis are available. In particular, 
although infective endocarditis can involve the aortic or mitral valve, 
or both,^2:468 the chordae tendineae!? or the subaortic endocardium,? 
the pathogenesis of the infective vegetations has not been stressed. The 
two patients reported on here had infective endocarditis as the major 
manifestation of idiopathic hypertrophic subaortic stenosis. Both had 
vegetations in the left ventricular outflow tract at the site where the 
mural endocardium was thickened in apposition to the anterior mitral 
valve leaflet. This localization suggests that endocardial trauma occur- 
ring with systolic anterior motion of the mitral valve is a significant cause 
of vegetative endocarditis. 


Case Reports 


Case 1 


A 58 year old black woman was admitted on October 27, 1976 to the Bronx 
Municipal Hospital Center for disorientation, diaphoresis, fever and poor pe- 
ripheral perfusion. No recent information concerning her past medical history 
was available except that 2 years earlier she had been discharged from another 
hospital with the diagnosis of Laennec's cirrhosis and cerebellar degenera- 
tion. 

Physical examination revealed an elderly woman in shock. Her blood pressure 
was 70/50 mm Hg, heart rate 130 beats/min and temperature 103°F. The carotid 
pulse had a surprisingly sharp rising upstroke; the apical precordial impulse was 
forceful with a palpable fourth heart sound. A grade 3/6 mid systolic murmur 
was heard at the left sternal border. Bilateral basilar rales were present on aus- 
cultation of the lungs. The liver was enlarged. There were no localizing neurologic 
signs. 
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Laboratory data showed a blood hemoglobin of 11 g/100 
ml, white blood cell count of 22,400/mm?, blood urea nitrogen 
48 mg/100 ml, potassium 3.8 mEq/liter, creatinine 1.6 mg/100 
ml, and glutamic oxaloacetic transaminase 97 u/ml (normal 
10 to 40). The electrocardiogram demonstrated sinus tachy- 
cardia with nonspecific S- T changes. Minimal cardiomegaly 
was revealed in the chest roentgenogram. 

Clinical course: With a presumptive diagnosis of sepsis, 
the sharp rising carotid upstroke, the systolic murmer and the 
loud fourth heart sound were thought to represent acute mi- 
tral regurgitation due to infective endocarditis and chordae 
tendineae rupture. An echocardiogram showed findings 
consistent with idiopathic hypertrophic subaortic stenosis 
(Fig. 1). A Swan-Ganz catheter was positioned and the fol- 
lowing pressures (mm Hg) were recorded: right atrium 2, right 
ventricle 30/8, pulmonary artery 30/13, pulmonary capillary 
wedge pressure mean 8. 
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FIGURE 1. Case 1. Echocardiograms. Left, aortic 
valve echogram shows partial mid systolic closure 
(arrow) due tc partial obstruction of the left ven- 
tricular outflow tract (AAW = anterior aortic wall: 
EKG = electrocardiogram; LA = left atrial 
chamber, PAW = posterior aortic wall). Right, 
mitral valve echogram demonstrates thickening 
of the interventricular septum (IVS) and systolic 
anterior motion (arrows) of the anterior leaflet of 
the mitral valve (AMVL). PW = posterior ventric- 
ular wall. 


Antibiotie therapy with penicillin and kanamycin was 
initiated, and fluids were administered to maintain an optimal 
left ventricular filling pressure. Vasopressors subsequently 
were added to obtain a systolic blood pressure above 85 mm 
Hg. However, the cardiovascular status of the patient did not 
improve, and 20 hours after admission she had a cardiore- 
spiratory arrest and died. All six blood cultures subsequently 
grew streptococcus pneumoniae. 

Postmortem findings: Postmortem examination clearly 
confirmed the clinical impression of idiopathic hypertrophic 
subaortic stenosis and infective endocarditis. The heart 
weighed 570 g and showed predominant left ventricular hy- 
pertrophy. 'The epicardium had a fine fibrinous exudate that 
histologically proved to be bacterial pericarditis. The opened 
left ventricle (Fig. 2) demonstrated a disproportionate hy- 
pertrophy of the ventricular septum, with a maximal septal 
thickness of 2.2 cm compared with 1.5 cm for the posterior left 


FIGURE 2. Case 1. The opened 
heart reveals a markedly hypertro- 
phied septum (S). A raised orga- 
nized vegetation (horizontal ar- 
rows) with superficial bacterial 
contamination is present beneath 
the aortic valve (A). This vegetation 
corresponds to the area of endo- 
cardial trauma secondary to systolic 
anterior motion of the mitral valve 
(M). Vegetations are also present on 
several fused and thickened 
chordae tendineae (curved vertical 
arrow), along the closing edge of 
the mitral valve (short closed 
arrow), and on the aortic valve cusp 
contiguous with the mitral valve 
(short open arrow). 
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vehtricular wall. The outflow tract of the left ventricle im- 
mediately beneath the membranous septum had an irregular 
raised granular friction lesion. When the heart was closed, this 
corresponded anatomically to similar lesions on several 
thickened and fused chordae tendineae inserting into the 
anterior leaflet of the mitral valve. The aortic valve cusps were 
nonspecifically thickened and revealed focal acute fibrinous 
vegetations. The valve commissures were not fused. Focal 
abscesses, surrounded by a hemorrhagic border, were observed 
beneath the left ventricular endocardium and in the right 
atrium. b 

Histologic examination demonstrated papillary vegeta- 
tions, composed of a fibrous core covered by endocardium on 
the left ventricular outflow tract and abnormally thickened 
and fused mitral chordae tendineae. These lesions,presumably 
represented organization of nonbacterial thrombotic ëndo- 
carditis resulting from chronic frictional trauma. Active in- 
fective endocarditis, with gram positive cocci identified, was 
noted on the surface of the friction lesions, as well as focally 
on the anterior leaflet of the mitral valve and the aortic valve 
cusps. Multiple acute abscesses were identified within the 
myocardium of the left ventricle and right atrium. 

The left ventricular myocardium revealed marked hy- 
pertrophy of the myofibers. Several prominent foci of disor- 
ganized muscle bundles typical of idiopathic hypertrophic 
subaortic stenosis were found on random sections of the sep- 
tum. These lesions were associated with interstitial fibrosis 
as well as intramyocardial vascular sclerosis. Myofiber dis- 
organization was not observed in multiple sections of the left 
ventricular free wall or right ventricle. 

Other findings included the presence of acute broncho- 
pneumonia with an empyema, multiple microinfarcts and 
acute leptomeningitis of the brain due to septic emboli, and 
micronodular cirrhosis consistent with chronic alcoholism. 
The immediate cause of death was considered to be general- 
ized sepsis secondary to acute infective endocarditis. 


Case 2 


A 66 year old white woman was referred to the Hospital of 
the Albert Einstein College of Medicine for mitral and aortic 
valve replacement after unsuccessful treatment for infective 
endocarditis. Two weeks before, she had been admitted to 
another hospital because of fatigue, weight. loss and fever of 
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9 months’ duration. The past medical history revealed only . 
high blood pressure discovered 3 years earlier and treated with 
propranolol and diuretic drugs. 

On her initial admission, the patient appeared chronically 
ill: blood pressure was 160/90 mm Hg, pulse rate 116/min and 
temperature 101°F. The precordial impulse was displaced to 
the left; a grade 3/6 holosystolic murmur was heard at the apex 
radiating to the axilla. Rales were audible in both lung bases; 
the spleen was palpable but the liver was not enlarged. Lab- 
oratory data disclosed a normocytic normochronic anemia 
with hemoglobin of 10 g/100 ml and a white blood cell count 
of 18,000 mm? with a shift to the left. Six blood cultures grew 
Group D streptococci, sensitive to penicillin. Antibiotic 
therapy was initiated with intravenous penicillin and intra- 
muscular streptomycin. The hospital course was complicated 
by persistence of fever and the appearance of congestive heart 
failure. A few days later, aortic regurgitation was noted and 
recurrent pulmonary edema developed despite digitalis and 
diuretic therapy. Replacement of the aortic and mitral valves 
was advised and the patient was transferred to this hospital 
in severe cardiorespiratory distress. 

On admission, the carotid pulse was brisk and the apical 
impulse was hyperdynamic and displaced to the left. Loud 
fourth and third heart sounds were audible. A grade 2/6 short 
diastolic murmur was heard at the left sternal border and a 
grade 3/6 holosytolic murmur was present at the apex. Rales 
were audible in both lungs. The liver and spleen were enlarged. 
Thé chest roentgenogram disclosed cardiomegaly and alveolar 
edema. The echocardiogram (Fig. 3) demonstrated findings 
consistent with idiopathic hypertrophic subaortic stenosis and 
multiple echoes behind the anterior leaflet of the mitral valve 
suggestive of vegetations (Fig. 4). The patient became con- 
fused and delirious and underwent emergency replacement 
of the aortic and mitral valves. 

Surgical findings and clinical course: The diagnosis of 
idiopathic hypertrophic subaortic stenosis was confirmed at 
operation. The left ventricle was grossly hypertrophied but 
had a relatively small cavity. The subaortic region was ob- 
structed by a large hypertrophied muscle bundle stretching 
from the septum across to the free wall. There were vegeta- 
tions on the hypertrophied muscle bundle in contact with 
other vegetations on the adjacent anterior leaflet of the mitral 
valve. Vegetations were also seen on the chordae tendineae, 
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FIGURE 3. Case 2. Echocardiograms. Left, aortic valve echogram shows a mid systolic closure (arrows) of the leaflets and a large left atrium (LA). 


Right, mitral valve echogram demonstrates a decreased closure rate 


of the anterior leaflet (AMVL). Layers of multiple echoes behind the leaflet 


suggest vegetations. Systolic anterior motion of the leaflet (arrows) is also seen: AAW = anterior aortic wall; EKG = electrocardiogram; PAW 


= posterior aortic wall. 
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FIGURE 4. Case 2. Closeup view of inset in Figure 3 more clearly 
demonstrates the multiple layered echoes behind the mitral valve 
(arrow). 


and an enormous conglomerate vegetation was attached to the 
atrial aspect of the anterior cusp. The aortic cusps had vege- 
tations on their inferior aspects. A wedge resection of the 
hypertrophied subaortic muscular obstruction was performed. 
The aortic and mitral valves were excised and Ionescu-Shiley 
bovine pericardial prostheses inserted. The patient came off 
cardiopulmonary bypass with a nodal rhythm and maintained 
a satisfactory hemodynamic status. However, a few hours after 
operation she had recurrent generalized convulsions despite 
intensive anticonvulsive therapy. She died in status epilep- 
ticus 36 hours later without regaining consciousness. No au- 
topsy was performed. However, the surgically resected tissues 
were submitted for pathologic evaluation. 

Pathologic findings: The aortic and mitral valves were 
received in multiple fragments, several of which revealed 
thickening of the valve tissue and focal calcification. One 





4 
aortic valve cusp had a friable vegetation on one surface. A * ' 
portion of subaortic muscle was also received measuring 1.6 
by 0.6 by 0.3 cm in dimension, with three associated vegeta- 
tions. 

Histologic examination demonstrated fibrosis and myxo- 
matous degeneration of the underlying mitral and aortic valve 
tissue. Both valves had irregular masses of fibrin and platelets 
adherent to the endocardium with numerous colonies of gram 
positive cocci associated with an acute inflammatory cell re- 
action within the vegetation. Extensive granulation tissue was 
present at the base of the vegetation on the mitral valve; the 
aortic valve cusp had early ulceration of its surface. 

The subaortic muscle had a fibrous endocardial plaque (Fig. 
5) measuring 1 mm in its thickest portion. Multiple acute 
vegetations, identical to those noted on the valves, were ad- 
herent to the septal endocardium. The myocardial fibers were 
markedly hypertrophied. Foci of interstitial fibrosis were 
prominent, extending from the abnormal endocardium and 
surrounding groups of myefibers. Several groups of irregularly 
oriented myocardial cells typical of idiopathic hypertrophic 
subaortic stenosis were observed in these areas of fibrosis. 
Associated with these whorls were several small intramyo- 
cardial arteries subtotally obliterated by proliferated my- 
ointimal cells and connective tissue. 


Discussion 


Role of echocardiography: The echocardiographic 
evaluation of patients with sepsis may detect vegeta- 
tions consistent with infective endocarditis, as noted in 
two recent reviews of this subject.!!12 Similar obser- 
vations of vegetations have been described in several 
case reports.1?-16 Echocardiography also may be useful 
to select patients with a confirmed diagnosis of endo- 
carditis, who have severe disease requiring surgical in- 
tervention.'? Echocardiography, even when it fails to 
demonstrate vegetations in patients with suspected 
endocarditis, may still be valuable in facilitating rec- 


FIGURE 5. Case 2. Representative view of the 
wedge resected septal muscle revealing the 
markedly thickened fibrous endocardial plaque 
(E). The line of demarcation of the endocar- 
dium from the underlying fibrotic myocardium 
is noted by the two long arrows. A portion of 
the fibrin and platelet vegetation in which 
bacteria were identified is adherent to the 
endocardium (short arrow). Similar vegeta- 
tions were present on the mitral and aortic 
valve specimens. (Hematoxylin-eosin X 125, 
reduced by 28 percent.) 
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` ognition of preexisting but unsuspected cardiac ab- 
normalities.!! 

When idiopathic hypertrophic subaortic stenosis is 
suspected in the presence of a systolic murmur, the di- 
agnosis can be confirmed with relative ease when the 
Valsalva maneuver elicits an intensification of the 
murmur. In clinical situations in which the Valsalva 
maneuver does not increase the loudness of the murmur, 
or is not practical in poorly responsive patients, the 
diagnosis of idiopathic hypertrophic subaortic stenosis, 
which once required cardiac catheterization, can now 
be established at the bedside with echocardiography.'” 
It should not be surprising that echocardiographic 
evaluation of patients with sepsis due to infective en- 
docarditis may on occasion reveal idiopathic hyper- 
trophic subaortic stenosis as the underlying heart dis- 
ease. The echocardiograms in our two cases demon- 
strated the typical abnormalities found in hypertrophic 
subaortic stenosis. In Case 2, the systolic anterior mo- 
tion demonstrated prolonged contact with the septum 
and the aortic mid systolic closure was more pronounced 
than in Case 1, indicating a more severe outflow tract 
obstruction.!8 Echocardiographic findings suggestive 
of vegetations were present only in Case 2. 

Endocardial trauma in hypertrophic subaortic 
stenosis: its role in infective endocarditis: On 
pathologic examination, our Case 1 showed features of 
idiopathic hypertrophic subaortic stenosis as described 
by Roberts and Ferrans!? and others???!: dispropor- 
tionate thickening of the left ventricular septum, evi- 
dence of an endocardial plaque in the left ventricular 
outflow tract, thickening of the mitral valve and the 
presence of disorganized septal muscle bundles. Al- 
though the anterior leaflet of the mitral valve was ab- 
normally deformed, it appeared that the major area of 
friction had occurred between the fused thickened 
chordae of the anterior leaflet and the septal outflow 
tract. It was in these locations that unusually organized 
papillary vegetations were found apparently corre- 


sponding to sites of chronic endocardial trauma during : 
the systolic anterior motion of the mitral valve appa- 
ratus. 

What makes this case unusual is the clear-cut dem- 
onstration that chronic endocardial trauma, a typical 
feature of hypertrophic subaortic stenosis, may provide 
a fertile nidus for the development of bacterial vegeta- 
tion. Friction lesions of the ventricular endocardium not 
related to hypertrophic cardiomyopathy recently have 
been described as sites of infective endocarditis,??-?4 and 
a similar pathogenesis probably pertains to idiopathic 
hypertrophic subaortic stenosis. The chronic vegeta- 
tions on the chordae tendineae and septal outflow tract 
both had superimposed acute vegetations, as did por- 
tions of the anterior mitral valve and aortic valve cusps. 
Only in these sites of endocardial trauma were surface 
vegetations found; all other foci were deeper and con- 
sidered to be of hematogenous origin. 

Although the heart was not available for examination 
in the second case, the histologic studies confirmed that 
both valves and the excised septal endocardium were 
sites of preexisting damage which clearly antedated the 
relatively recent bacterial vegetations. Here too, the 
damage was presumably the result of endocardial 
trauma arising from the septal apposition of the mitral 
valve during systole. 

Implications: It is well known! that patients with 
idiopathic hypertrophic subaortic stenosis are at risk 
for the development of infective endocarditis. Our 
findings indicate that the endocardium traumatized by 
the abnormal systolic anterior motion of the mitral valve 
provides a substrate for subsequent infection. It is clear 
that patients with idiopathic hypertrophic subaortic 
stenosis and fever should have the diagnosis of infective 
endocarditis excluded by appropriate measures. 
Moreover, patients with no predisposing cardiac lesions 
who are found to have infective endocarditis should be 
evaluated carefully for unsuspected idiopathic hyper- 
trophic subaortic stenosis. 
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M MODE ECHOCARDIOGRAM AND ABNORMAL 
STRUCTURES BEHIND THE LEFT ATRIUM 


Because little has been written in M mode echocardio- 
graphic studies about normal structures behind the left atri- 
um, physician awareness of such structures is lacking. This 
becomes all the more important when one considers abnormal 
structures behind the atrium as in total anomalous pulmonary 
venous drainage. 

When performing echocardiography, especially in neonates, 
we have occasionally observed an echo-free space behind the 
left atrium at the point where the aortic valve is also located. 
More commonly in other patients when a scan was made from 
the aortic valve to the left ventricle an echo-free space behind 
the atrioventricular groove was noted. This echo free-space 
behind the left atrium or the atrioventricular groove is usually 
well demarcated from the left atrium and has dimensions 
similar or slightly smaller than those of the ascending aorta. 
We believe that this space is that of the descending aorta. 
Figures 1 and 2, echocardiographic strip recordings and 
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FIGURE 1. M mode echocardiograms. Top, recorded at the point of the aortic valve. Contrast 
echocardiography was performed during cardiac catheterization with the catheter in the 
descending aorta. Arrow indicates contrast echo in the space behind the left atrium. Bottom, 
scan from the aortic valve to the left ventricle, again showing the echo-free space behind 
the left atrium (arrow). 
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FIGURE 2. Top, multielement cross-sectional scan taken in the longitudinal plane of the 
left ventricle and aortic valve with accompanying line drawing. Arrow points to the longi- 
tudinal space behind the left atrium. Bottom, transverse cross-sectional scan of the heart 
with accompanying line drawing. Arrow points to the cylindrical space behind the left atrium. 
ao = aorta; la = left atrium; lv = left ventricle; ra = right atrium; rv = right ventricle. 


cross-sectional scans from a neonate with symptomatic atrial 
septal defect and a small patent ductus arteriosus, support our 
point. We have also at times noticed an echo-free space behind 
the left atrium in pleural effusion and occasionally in peri- 
cardial effusion. 

We therefore raise the possibility that the echo-free space 
behind the left atrium which Orsmond et al.' consistently 
labeled the *common pulmonary vein" may not be this 
structure and may be the descending aorta. This view is sup- 
ported by their Figure 6C, in which the structure labeled 
common pulmonary vein appears to have contrast echoes in 
it about 1 second after injection of contrast saline solution into 
the coronary sinus. This could be explained by the appearance 
of diluted contrast saline echoes getting through the ascending 
aorta and traveling from there down to the descending aorta. 
It is most unlikely that one would obtain contrast echoes in 
the common pulmonary vein after passage through the pul- 
monary circulation. Also one would have expected some im- 
mediate opacification of this channel from reflux of contrast 
echoes injected into the coronary sinus. 

In conclusion, we suggest that more attention be placed on 
identification of normal structures behind the left atrium. The 
information thus obtained would perhaps enable one to dif- 
ferentiate normal from abnormal structures in conditions like 
total anomalous pulmonary venous drainage. 


T. H. Goh, MD 

A. W. Venables, MD 
Department of Cardiology 
Royal Children's Hospital 
Melbourne, Australia 
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REPLY 


We agree with the observation of Goh and Venables that the 
descending aorta may occasionally be recorded as an echo-free 
space behind the left atrium, although we were unaware of this 
at the time we wrote our article. From anatomic observations 
and echo-contrast studies, we have confirmed their observa- 
tion. We also think that their explanation of Figure 6C in our 
article is probably correct. 

The problem of interpreting echocardiographic spaces be- 
hind the left atrium is well known to most pediatric echocar- 
diographers. The common pulmonary vein or confluence of 
pulmonary veins in total anomalous pulmonary venous con- 
nection has clearly been documented as producing an echo- 
free space behind the left atrium.! This was confirmed by 
echo-contrast studies. Our labeling of the echo-free space 
behind the left atrium was based on the concept that this was 
the common pulmonary vein or confluence of the pulmonary 
veins in these previous studies. 

Both the descending aorta in normal subjects and the 
confluence of the pulmonary veins in total anomalous pul- 
monary venous connection can produce an echo-free space 
behind the left atrium. Previous observations made by others 
that an echo-free space can be recorded behind the left atrium 
in normal patients are explained if one considers that this is 
the descending aorta.?? Differentiation of the cause of an 
echo-free space behind the left atrium in individual patients 
may be difficult without echo-contrast studies or the use of 
other clinical information. 

When there is total anomalous pulmonary venous connec- 
tion to the coronary sinus, which was the main feature in our 
cases, it is enlarged coronary sinus that can be recorded as an 
additional mobile echo behind the mitral valve and in the 
region of the atrioventricular groove. This provides a useful 
clue to the diagnosis. This observation has been subsequently 
confirmed by others.‘ It should still be emphasized that the 
echocardiographic features are those of an enlarged coronary 
sinus and, the recording of the confluence of the pulmonary 
veins, together with features of volume overload of the right 
ventricle. There are other causes of an enlarged coronary sinus 
such as persistence of the left superior vena cava to the coro- 
nary sinus. This latter condition may be identified in some 
patients with contrast echocardiography performed after in- 
jection of saline solution into the left arm. 

In summary, we think that the descending aorta in normal 

subjects and the confluence of the pulmonary veins in total 
anomalous pulmonary venous connection to certain sites can 
be recorded with single crystal echocardiography as an echo- 
free space behind the left atrium. Differentiation of these may 
not be possible without echo-contrast studies or the use of 
other clinical information. In cases of total anomalous pul- 
monary venous connection to the coronary sinus, the main 
features are the enlarged coronary sinus seen as a highly mo- 
bile echo behind the mitral valve and apparently within the 
left atrium, together with other echocardiographic features 
of volume overload of the right ventricle. The occurrence of 
an additional echo-free space behind the left atrium may be 
the descending aorta or represent the confluence of the pul- 
monary veins. The exact diagnosis and connections of the 
pulmonary veins as well as the exclusion of other possible 


abnormalities clearly require cardiac catheterization and 


angiography. 
Garth S. Orsmond, MD 
Herbert D. Ruttenberg, MD 


James H. Moller, MD 

F. Blanton Bessinger, MD 

Primary Children's Medical Center. 
Salt Lake City, Utah 
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WOLFF-PARKINSON-WHITE SYNDROME IN NEONATE 


The evanescence of both the arrhythmias and the preexcita- 
tion in infants with the Wolff-Parkinson-White syndrome is 
a frequent source of frustration and fascination in pediatric 
cardiology. In their article Wolff et al.! justifiably emphasize 
the importance of autonomic influences on arrhythmias and 
the difference between these influences in the newborn and 
the adult. However, we take issue with the concept that “the 
predominance of the newborn cholinergic system is attested 
to by the significant bradycardia and arrhythmias produced 
by clinical vagal stimulation.” We are not alone in our objec- 
tions: Roberts and Gelfand? recently stated that “during the 
first 1 to 2 weeks of premature life most of the arrhythmias 
result from an immature vagal tone . . . Vagal tone gradually 
inereases, and in old age the parasympathetic side of the au- 
tonomic nervous system is dominant.” Incredibly, both Wolff 
et al. and Roberts and Gelfand quote the same clinical refer- 
ence? as evidence for their belief. 

Are we to conclude that newborns have high vagal tone, 
giving them marked sinus and other arrhythmias, or low vagal 
tone, leading to a resting tachycardia which is not “justifiable” 
hemodynamically? Clinical observations of heart rate do not 
resolve this issue as they do not actually measure vagal tone. 
Recent morphologic observations seem to add to the contro- 
versy because they dispute the observations of James,* which 
support high vagal activity in newborns. Specifically Marlot® 
has shown in cats and Sachis and Bryan? in human beings that 
the vagus is very immature at birth. In premature infants 
there are very few myelinated fibers and small myelinated 
fibers are particularly scarce. Myelination increases rapidly 
toward term, but does not reach adult values until about 50 
weeks after conceptional age. Lack of myelination indicates 
decreased conduction velocity, so the vagus of the newborn 
appears impaired in its conduction properties. 

The picture is not a clear one, and the consequences are 
important enough that the uncertainty should be clearly 
stated: We need only cite the importance of autonomic effects 
of antiarrhythmic drugs and the differences to be expected 
in a "vagal" versus "sympathetic" person. It is difficult to see 
how this controversy could be resolved without measurements 
of vagal traffic, and one longs for a noninvasive way to ac- 
complish this. 

John P. Finley, MD 

M. B. Waxman, MD 

Cardiology 

I. W. Killam Hospital for Children 
Halifax, Nova Scotia, Canada 
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REPLY 


Finley and Waxman point out apparent contradictions in 
published studies in regard to the maturation of the auto- 
nomic nervous system. Understandably, much of the basic 
work they and we cited!” refers to studies in animals. Several 
publications provide evidence for a dominant cardiac cho- 
linergic innervation?4 or a nondominant adrenergic inner- 
vation!25 in the newborn. Friedman! in his studies of lambs 
and rabbits concluded “that sympathetic innervation is in- 
complete or functionally immature in the heart of the fetus 
or early newborn.” These observations were based on quan- 
titations of cardiac norepinephrine concentrations as well as 
histochemical identification of sympathetic nerves by the 
monoamine fluorescent technique. The histochemical studies 
correlated with the norepinephrine concentrations and adult 
levels did not occur until 3 to 4 weeks of age. Iversen and his 
associates? concurred with Friedman's findings in that adult 
levels of cardiac norepinephrine in rats were not achieved until 
3 weeks of age. Such studies provide pharmacologic and an- 
atomic support for immaturity of cardiac sympathetic in- 
nervation. On the other hand, Navaratnam? and James,‘ on 
the basis of cholinesterase staining described early maturation 
of the cholinergic system. Toda and his associates? demon- 
strated that the negative inotropic effect of acetylcholine was 
greater in the neonatal rabbit than in the adult. Gootman and 
colleagues? showed by the bradycardia response to medullary 
(nucleus ambiguus) stimulation that parasympathetic efferent 
fibers were functional in the piglet. 

As Friedman indicates, the immature sympathetic inner- 
vation makes the fetal and neonatal heart supersensitive to 
circulating norepinephrine. If incomplete vagal myelination 
is an index of functional immaturity of cholinergic innervation 
as Finley and Waxman suggest (their Ref 6), perhaps there 
is a supersensitivity to acetylcholine as well. Therefore, we 
would be dealing with relative supersensitivities. T'he picture 
is complicated further by the fact that the appearance of 
acetylcholine esterase may precede vagal innervation.? Con- 
sequently, there may be discordance between functional and 
anatomical maturation. End organ response will be deter- 
mined by autonomic input, neurohumors and end organ 
sensitivity. In any case, clinical observations?-!! of the human 
newborn during vagal maneuvers suggest that, at least func- 
tionally, the cholinergic system is more sensitive than the 
adrenergic system. 

Unquestionably, nervous system interaction with cardiac 
responses is a most challenging and limited area of cardiologic 
investigation. A recent review article by Pappano? highlights 
the complexities of this problem. Likewise, the commentary 
of Finley and Waxman emphasizes inconsistencies that one 
hopes will be resolved by future investigations. 


Grace S. Wolff, MD, FACC 
Department of Pediatrics 
School of Medicine 
University of Miami 

Miami, Florida 
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PERIPARTUM DEATH IN EISENMENGER'S SYNDROME 


I enjoyed the article by Midwall et al.,! and was particularly 
impressed by the evidence in their patient that high oxygen 
concentrations apparently had a significant effect on pul- 
monary vascular resistance. However, I am not sure that the 
specific recommendations in the last sentence of their article 
are warranted from this experience with one patient. Their 
studies suffered from two problems. First, their patient did 
perfectly well, and obviously had no significant difficulties; 
this patient thus sheds no light on the cause of peripartum 
death in patients with Eisenmenger's syndrome. In addition, 
the authors concentrated their studies on the time of delivery 
itself. However, the most dangerous period for these patients 
is the first week after delivery. Jones and Howitt? reported on 
their personal experience with five patients: One died while 
in active labor, one died during skin suturing after cesarean 
section, and the other three died 3 to 6 days post partum. The 
authors reviewed five other cases in which the patients died 
30 minutes to 11 days after delivery. The exact mechanism 
resulting in these deaths is still a matter of speculation, and 
I suspect that until it is known, recommendations for man- 
agement will be based more on conjecture than on fact. 
Peter Cummings, MD 
Kaweah Medical Group 
Visalia, California 
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REPLY 


It is true that our patient did not experience a morbid event. 
for which we are thankful, and therefore we should not and 
we did not speculate on the mechanism of death in these pa- 
tients. We simply suggested that changes in shunt flow and 
systemic arterial oxygen saturation of hemoglobin were de- 
tected during her labor and it might be of use to monitor serial 
arterial blood gases for marked reductions in saturation and 
to administer simple therapy, that is, oxygen, to improve the 
oxygen content of blood during labor. Enhancement of arteria! 
oxygen content during labor, although not proved to be so 
would appear to be beneficial to the patient. 

It is also true that morbid events in association with delivery 
of patients with the Eisenmenger's syndrome may occur a! 
late as 22 days after delivery.! However, a significant minorit; 
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` (bof 17) of the cases in which a fatal outcome and the time of 
a fatality in relation to delivery were reported have occurred 
within the first 24 hours, which was our period of observa- 
tion.!-9 As stated in our paper, the data collected would not 
influence our recommendation as to the management of a 
patient with.the Eisenmenger syndrome who is pregnant, and 
our recommendation would still be governed by the reported 
cumulative experience. 

Jay Midwall, MD ` 

Herbert Jaffin, MD 

Michael V. Herman, MD, FACC 

Joel Kupersmith, MD; FACC 

Department of Medicine 

Mount Sinai Medical Center 

New York, New York 
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VARIANT OF CONGENITAL AORTIC VALVE DISEASE 


Cheitlin et al.! describe an important variant of congenital 
aortic valve disease, but they have missed the real problem. 
It is that these children with a dysplastic dortic valve have 
diffuse congenital cardiovascular disease that affects both the 
aorta and left ventricle. That is why they do so poorly after 
aortic valvotomy whether or not the aortic valve is stenosed, 
because the aortic valve is not the major cause of the cardiac 
illness. ! 

The condition we described as “congenital aortic steno- 
sis—an unusual form”? is the same with the same dysplastic 
valves somewhat more obstructive in our series. Since this 
description, which is unknown to the authors, we have had 
more patients and the opportunity to study the histology of 
the aorta and left ventricle. 

The ascending aorta in all examined is grossly abnormal, 
showing what is referred to as “higgledy piggledy” disorga- 
nized aortic media. In addition, there is dysplastic muscle in 
the left ventricular septum, together with areas of fibrosis and 
infarction particularly in the infants: The left ventricular 
changes are disproportionately severe in comparison with the 
degree of aortic valve obstruction. If by chance these patients 
survive surgery or are seen later in childhood a tunnel sub- 
aortic obstruction may develop with a small aorta that does 
not grow in proportion with the child. The bad left ventricle 
becomes severely hypertrophied, often with disproportionate 
septal thickening. The basic lesions in the congenitally dam- 
aged aorta and left ventricle have not been altered but, with 
survival, further secondary changes occur. 

Cheitlin et al. casually refer to the left ventricular disease 
as observed microscopically, but unfortunately they did not 
study pathologic features of the aorta or the left ventricle. 
Perhaps they have these data from this valuable series and 
could communicate it. 

Jane Somerville, MD, FRCP 
Paediatric and Adolescent Unit 
National Heart Hospital 
London, England 
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We are aware of the occurrence of areas of left ventricular 
myocardial necrosis and fibrosis in these children. A similar 
finding was reported in dysplastic aortic valves with aortic 
stenosis.by Hyams and Manion in 1968. 

We are aware of Somerville’s work and are now attempting 
te see if the disorganized aortic media she described as 
“higgeldy piggledy” is present in our specimens. Because we 
were satisfied that the presence of severe aortic stenosis could 
produce enough disproportion between demand and supply 
to cause subendocardial ischemia and infarction and thus 
explain the poor prognosis in these infants, we cannot com- 
ment on the possibility that these cases represent a diffuse 
congenital cardiovascular disease. The gross morphology of 
the dysplastic bicuspid aortic valve with open commissures 
makes it obvious why no benefit resulted from the attempted 
commissurotomies. | 

We will be following the literature with great interest to see 
what further observations Somerville reports. 

Melvin D. Cheitlin, MD, FACC 
University of California Service 
San Francisco General Hospital 
San Francisco, California 


RETROGRADE LEFT VENTRICULAR CATHETERIZATION 
IN PATIENTS WITH A BJORK-SHILEY 
VALVE PROSTHESIS 


Karsh et al.! discuss tlie safety and efficacy of the retrograde 
arterial catheterization approach to the left ventricle in pa- 
tients with an aortic prosthesis. However, a caution should be 
added to the report warning of the potential dangers associ- 
ated with passing a catheter, retrograde, across the Bjork- 
Shiley prosthesis. 

Shiley Laboratories, Inc. is concerned about the possibility 
of a disc dislodgement associated with this procedure when 
the Bjork-Shiley valve is involved. Disc dislodgement can 
result if (1) the catheter is originally passed through the small 
valve opening, and (2) the catheter tip catches the disc edge 
upon withdrawal. In May 1975, Shiley Laboratories, Inc. in- 
cluded the following warning note with the care and handling 
instructions provided with each Bjork-Shiley cardiac valve 
prosthesis: *WARNING: Post-operative cardiac catheter- 
izations which involve passing a catheter through a Bjork- 
Shiley prosthesis will cause valvular insufficiency, which may 
alter the measured values obtained and also may result in disc 
dislodgement. An alternative method of cardiac catheteriza- 
tion using a transseptal technique has been described by 
Professor Bjork, the details of which are available on re- 
quest." 


Paul E. Morris 
Product Engineering 
Shiley Scientific, Inc. 
Irvine, California 
Reference : 
1. Karsh DL, Langou RA, Cohen LS, Wolfson S: Retrograde left ventricular 


SP, 
catheterization in patients with an aortic valve prosthesis. Am J Cardiol 41:893—899, 
1978 
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We totally agree that every effort should be made not to cross 
a Bjork-Shiley valve through its smaller opening. On the basis 
of our experience, however, we believe that the retrograde 
approach is safe and effective if the transseptal technique is 
contraindicated or unavailable. We would attach the following 
suggestions regarding technique: Smaller catheters are much 
less likely to interfere with valve function or to dislodge the 
valve disc. We have always measured hemodynamic variables 
and performed angiography with the use of no. 5 French 
catheters. Secondly, the entrance into the left ventricle should 
be made through the larger valve opening of the Bjork- Shiley 
prosthesis. 

Steven Wolfson, MD, FACC 

. Cardiology Associates of New Haven 
New Haven, Connecticut 


MITRAL ANULAR CALCIFICATION AND IDIOPATHIC 
HYPERTROPHIC SUBAORTIC STENOSIS 


Kronzon and Glassman! have demonstrated an increased 
prevalence of mitral anular calcification in their patients with 
idiopathic hypertrophic subaortic stenosis, especially in 
subjects greater than 55 years of age. However, they conclude 
(last line of their abstract) that calcification of the mitral valve 
anulus “demonstration should raise the suspicion of associated 
idiopathic hypertrophic subaortic stenosis.” This conclusion 
cannot be properly derived from the data presented, in that 
it requires knowledge of the incidence of idiopathic hyper- 
trophic subaortic stenosis in patients demonstrating such 
calcification. 

To explore these questions in our patient population we first 
reexamined 28 randomly chosen, technically complete echo- 
cardiographic studies in patients greater than 55 years of age 
with idiopathic hypertrophic subaortic stenosis (defined as 
asymmetric septal hypertrophy and resting systolic anterior 
motion of the mitral valve). Three of these 28 patients were 
male; none of the 3 showed calcification of the mitral anulus 
and 1 had calcific aortic valve disease. Of the 25 women, 8 had 
mitral anular calcification and 8 had ¢alcific aortic valve dis- 
ease (only 2 of these patients had both findings simulta- 
neously). Thus, in our population of 28 patients, with a mean 
age of 71 years and a standard deviation of 7 years, there was 
a 29 percent incidence rate of calcification of the mitral valve 
anulus and a 32 percent incidence rate of calcific aortic valve 
disease. The prevalence of mitral anular calcification in our 
laboratory in age-matched patients is 30 percent in women 
and 6 percent in men. Therefore in our patient population 
mitral anular calcification is a frequent finding, but its prev- 
alence in patients with idiopathic hypertrophic subaortic 
stenosis is no different from that in our general (age-matched) 
population. 

To explore the question in reverse, that is, the incidence of 
idiopathic hypertrophic subaortic stenosis in patients with 
mitral anular calcification, we reviewed 75 randomly chosen, 
complete echocardiographic records of patients greater than 
55 years of age with definite mitral anular calcification as 
defined by Kronzon and Glassman. Of 21 men, none had ev- 
idence of idiopathic hypertrophic subaortic stenosis, 13 had 
calcific aortic valve disease and 11 had left atrial enlargement. 
Of the 54 women 2 had idiopathic hypertrophic subaortic 
stenosis (as defined before), 34 had calcific aortic valve disease 
and 19 had left atrial enlargement. In our overall group with 
a mean age of 77 years (standard deviation 7 years), 2.7 per- 
cent had idiopathic hypertrophic subaortic stenosis, 63 per- 
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cent had calcific aortic valve disease and 40 percent had left ` 
atrial enlargement. Therefore when mitral anular calcification 
is demonstrated the most common coexistent abnormality is 
calcific aortic valve disease or left atrial enlargement, or both, 
as has been described before. The incidence of idiopathic 
hypertrophic subaortic stenosis is small and seems well within 
that accéptable for patients referred for noninvasive evalua- 
tion of a murmur or cardiac symptoms, or both. 

Therefore, although mitral anular calcification is frequently 
noted in patients greater than 55 years of age with idiopathic 
hypertrophic subaortic stenosis the converse is not true. The 
prevalence of idiopathic hypertrophic subaortic stenosis in 
patients greater than 55 years of age with mitral anular cal- 
cification seems to be no greater than in the general popula- 
tion. Therefore it is inappropriate to pursue aggressively the 
diagnosis of idiopathic hypertrophic subaortic stenosis in all 
patients with mitral anular calcification unless other clinical 
or diagnostic information specifically suggests that such fur- 
ther procedures are warranted. 


Kenneth M. Kessler, MD, FACC 
Abdur Rahim, MD | 
Non-Invasive Laboratory 

Mount Sinai Medical Center 
Miami Beach, Florida 
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It is evident that both groups find a high incidence of mitral 
anular calcification in older patients with idiopathic hyper- 
trophic subaortic stenosis. The major point of contention is 
whether this is an unusually high rate of coexistence or is 
secondary to an intrinsically elevated frequency of mitral 
anular calcification in all patients of this age group. Obviously, 
the basis of selection of patients for echocardiographic study 
may influence the rate of finding mitral anular calcification. 
Kessler and Rahime indicated the prevalence of mitral anular 
calcification in their laboratory in age-matched patients is 30 
percent in women and 6 percent in men. However, they give 
no details concerning types of patients who undergo echo- 
cardiographic studies at their institution. The incidence of 
mitral anular calcification in our own age-matched control 
subjects reported in the article is considerably lower. Possibly 
the discrepancy in our interpretation of these results is based 
upon this divergence of findings. 

In their group of patients with demonstrated mitral anular 
calcification, the mean age of 77 years was considerably higher 
than that in ours, which was only 64 years. Perhaps, in this 
population, the incidence of mitral anular calcification does 
rise precipitously with advancing age and may help to explain 
the disparate findings. Because 63 percent of their patients 
with mitral anular calcification had calcific aortic valve disease 
one might conclude that there is a high rate of coexistence of 
these two findings. This would be of interest if confirmed, but 
obviously requires further investigation. A nonexhaustive 
review of our own files does not support this hypothesis. We 
have observed, as is commonly recognized, calcification of the 
anterior mitral leaflet in association with calcific aortic ste- 
nosis. Although careful fluoroscopy and echocardiographic 
analysis should separate this finding from mitral anular cal- 
cification it may be a source of confusion. Kessler and Rahime 
also mentioned that calcific aortic stenosis was present in 
association with idiopathic hypertrophic subaortic stenosis 
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‘in 32 percent of their patients with a mean age of 71 years. 
This is an extremely high figure and certainly greater than 
that which has been recognized in published reports to this 
- date. Unfortunately, the authors do not indicate whether these 
diagnoses were confirmed by catheterization and appropriate 
angiographic studies. 

Responding to their final point, we do not intend to convey 
the impression that it is appropriate to pursue aggressively 
the diagnosis of idiopathic hypertrophic subaortic stenosis in 
all patients with mitral anular calcification or that other 
causes of mitral anular calcification do not exist. However, 
echocardiographic demonstration of mitral anular calcifica- 
tion should prompt careful evaluation of this study for evi- 
dence of idiopathic hypertrophic subaortic stenosis. Coexis- 
tent clinical findings, electrocardiographic abnormalities or 
roentgenographic changes may then influence the need for 
further investigation. 


Itzhak Kronzon, MD 
Echocardiographic Laboratory 


Ephraim Glassman, MD, FACC 
Cardiac Catheterization Laboratory 


New York University Hospital 
New York, New York | 


ECHOCARDIOGRAM IN IDIOPATHIC HYPERTROPHIC 
SUBAORTIC STENOSIS 


‘The experience in our echocardiography laboratory has been 
in agreement with the findings reported by Krajcer et al.!— 
ie. that mid systolic closure of the aortic valve in patients with 
idiopathic hypertrophic subaortic stenosis has always been 
associated with a resting outflow tract gradient. However, 
since their article was published, a 53 year old black woman 
had an echocardiogram performed as part of a preoperative 
cardiovascular evaluation prior to an otolaryngologic proce- 
dure. On auscultation the patient had a grade 3/6 holosystolic 
apical murmur that did not change significantly with various 
physiologic maneuvers. The echocardiogram (Fig. 1) revealed 
asymmetric septal hypertrophy, a calcified mitral anulus and 
mid systolic closure of the aortic valve. Cardiac catheterization 
at a later date revealed no resting left ventricular outflow tract 
gradient, but did reveal provokable gradients of 52 mm Hg 
with the Valsalva maneuver, 18 mm Hg with amy] nitrite in- 
halation and 70 mm Hg with the first beat after a premature 
ventricular complex. The echocardiogram was repeated at the 
time of cardiac catheterization and the findings were identical 
with those before catheterization. Left ventricular angiogra- 
phy confirmed the presence of the calcified mitral anulus but 
did not reveal mitral insufficiency. r 
We conclude that although mid systolic closure of the aortic 
valve in idiopathic hypertrophic subaortic stenosis usually 
indicates the presence of a resting outflow tract gradient, there 
are exceptions to this observation. 


Charles Kanakis, MD 

Cardiology Section 

The Abraham Lincoln School of Medicine 
Chicago, Illinois 
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FIGURE 1. Echocardiograms. Top, arrows indicate mid systolic closure of right aortic valve 
leaflet. Bottom, IVS = intraventricular septum; MA = mitral anulus (calcified). 
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In our study, echocardiographic analysis of the aortic valve 
was performed in 35 consecutive patients with idiopathic 
hypertrophic subaortic stenosis. Since then an additional 45 
patients with this condition have been examined in our lab- 
oratory. In every instance, mid systolic closure of the aortic 
valve has occurred only in patients with a significant gradient 
at rest (greater than 20 mm Hg). Other investigators"? have 
reported similar findings. Although the echocardiogram 
presented by Kanakis may be an exception to our observa- 
tions, we believe that the incidence rate of such false positive 
findings is low. 

The case presented by Kanakis has several unusual fea- 
tures—not noted in any of our patients—that warrant further 
discussion. First, the murmur did not change significantly with 
various physiologic maneuvers (presumably including the 
Valsalva maneuver), a rather atypical finding in provocable 
idiopathic hypertrophic subaortic stenosis. Second, the ap- 
parent lack of systolic anterior motion of the mitral valve also 
is somewhat unusual in a patient with provocable left ven- 
tricular outflow tract obstruction. Finally, the left atrium is 
obviously enlarged, although there was no cineangiographic 
evidence of mitral regurgitation, another reported cause of 
early systolic aortic valve closure.? In the absence of atrial fi- 
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e brillation or severe and long-standing idiopathic hypertrophic 


subaortic stenosis, left atrial enlargement is puzzling. 
Obviously, additional studies are necessary to ascertain the 

sensitivity and specificity of this echocardiographic sign. At 
this time, the exact mechanism of early systolic closure of the 
aortic valve in patients with idiopathic hypertrophic subaortic 
stenosis has not been determined. However, our preliminary 
results, along with the findings of others, suggest that early 
aortic valve closure is directly related to the presence of a 
significant left ventricular outflow tract gradient. 

Zvonimir Krajcer, MD 

Leonard W. Pechacek 

Efrain Garcia, MD, FACC 

Robert D. Leachman, MD, FACC 

St. Luke’s Episcopal Hospital 

Houston, Texas 
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VITAMIN THERAPY FOR INFARCTION 


The recent work of Núñez et al.'? has shown that one of the 
significant biochemical events in experimental myocardial 
infarction is the loss of pyridine nucleotide, brought about 
through activation of the enzyme NAD glycohydrolase. Al- 
though the mechanism of NAD glycohydrolase activation is 
unknown, the depletion of NAD+ from the infarcted area,?^ 
especially from the mitochondria,? would explain the de- 
creased ability of the affected tissue to engage in oxidative 
phosphorylation, the principal source of adenosine triphos- 
phate (ATP) in the heart. As long as NAD* remains depleted, 
ATP synthesis will continue to be impaired, even though 
normal oxygen tension is restored. The reason is that most of 
the dehydrogenases responsible for oxidation of citric acid 
cycle intermediates require NAD+ as an essential cofactor. 

These considerations indicate the desirability of intervening 
to prevent the undue loss of NAD* during infarction. This 
may be achieved through administration of nicotinamide, 
which inhibits NAD glycohydrolase and is also a biosynthetic 
precursor of NAD*. It is already known that injection of nic- 
otinamide prior to experimental infarction leads to the pres- 
ervation of myocardial NAD+.’ Thus, immediate treatment 
with nicotinamide would appear to be of obvious benefit, al- 
though prolonged treatment may be better accomplished with 
nicotinic acid, which is not as readily converted to excretory 
products. Nicotinamide and nicotinic acid are not now rec- 
ognized for their therapeutic value in myocardial infarction.® 
However, the cited experimental evidence suggests that 
clinical trials, at least on a limited scale, would be well mer- 
ited. 


Carl Bernofsky, PhD 

Department of Biochemistry 

Tulane University School of Medicine 
New Orleans, Louisiana 


References 


1. Núñez R, Calva E, Marsch M, et al: NAD glycohydrolase activity in hearts with acute 
experimental infarction. Am J Physiol 231:1173-1177, 1976 

2. Nunez R, Calva E, Briones E, et al: Nicotinamide coenzymes in heart and coronary blood 
during myocardial infarction. Am J Physiol 226:73-76, 1974 


LETTERS TO THE EDITOR 


3. Govier WM: The effect of experimental coronary artery ligation on the coenzyme | and . 
cocarboxylase content of the myocardium of the dog. Am Heart J 29:384-389, 1945 

4. Michal G, Naegle S, Danforth WH, et al: Metabolic changes in heart muscle during 
anoxia. Am J Physiol 197:1147-1151, 1959 

5. Calva E, Mújica A, Núñez R, et al: Mitochondrial biochemical changes and glucose-KCIl 
solution in cardiac infarct. Am J Physiol 211:7 1-76, 1966 

6. Doherty JE: Theory of myocardial infarction and coronary heart disease. In, Brain and 
Heart Infarct (Zilch KJ, Kaufmann W, Hossmann KA, Hossmann V, ed). Berlin, 
Springer-Verlag, 1977, p 323-331 


FEVER AS A MANIFESTATION OF DISSECTING 
ANEURYSM OF AORTA 


Although the protean clinical manifestations of dissecting 
aneurysms have been repeatedly emphasized,! fever is an 
occasional feature of this disorder that, if not recognized as 
such, may lead the clinician to an unnecessary and frequently 
dangerous diagnostic pursuit of illnesses more commonly 
associated with a febrile response.?? We report a case of aortic 
dissection associated with fever in which surgical intervention 
was delayed because the patient was initially thought to have 
bacterial endocarditis. 


Case Report 


A 51 year old man was in excellent health until December 
1977, when he experienced severe, sharp, anterior chest pain 
that did not radiate and was associated with marked dyspnea 
and weakness. These complaints persisted for approximately 





FIGURE 1. Angiogram demonstrating the long dissection, seen here along the descending 
aorta and coursing over the aortic arch. 
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` 20 minutes before resolving spontaneously. On admission to 
another hospital the murmurs of aortic insufficiency and 
stenosis were noted. An initial portable chest roentgenogram, 
although of poor quality, was also interpreted as normal. 
There was no clinical evidence of congestive heart failure. On 
the 3rd hospital day fever to 102? developed. Three separate 
blood cultures were drawn and doxycycline was given by 
mouth. Fever was noted on one other occasion. On the 5th 
hospital day the patient left the hospital against medical ad- 
vice. Blood cultures obtained during this hospitalization were 
sterile. 

While at home the patient felt feverish on several occasions. 
Progressive dyspnea on exertion developed as well as parox- 
ysmal nocturnal dyspnea, cough, orthopnea and mild pleuritic 
left chest pain. His symptoms gradually became intolerable 
and he presented to the Dallas Veterans Administration 
hospital on January 5, 1978. 

On examination he was in mild respiratory distress. Tem- 
perature was 37? C orally, pulse 100/min and regular, blood 
pressure 115/40 mm Hg and respiratory rate 15/min. The 
carotid pulse had a bisferiens quality, and a right carotid bruit 
was audible. Bibasilar dullness and rales and egophony at the 
right base were present. Cardiac examination revealed the 
murmurs of aortic stenosis and insufficiency and a third sound 
gallop. T'he remainder of the examination was normal. An 
electrocardiogram revealed sinus tachycardia and an axis of 
+150°. A chest roentgenogram revealed cardiomegaly, vas- 
cular redistribution with Kerley B lines, and bilateral pleural 
effusion. 

Because of his history of fever, aortic murmurs and con- 
gestive heart failure the patient was initially suspected of 
having bacterial endocarditis, and multiple blood cultures 
were drawn. All were sterile. Fortunately, during the initial 
stages of the patient's evaluation for culture-negative endo- 
carditis, a review of previous chest roentgenograms revealed 
the evolution of a localized dilatation of the aortic arch visible 
only on the lateral view, which was demonstrated by aorto- 
gram to be part of an extensive aortic dissection (Fig. 1). 

Surgery was undertaken and demonstrated a type I dis- 
section extending from the aortic valve to the right iliac artery. 
The aortic valve, and the ascending aorta were replaced. The 
patient has done well since his operation. 

Although the clinical findings in this patient included 
several classical features of an acute aortic dissection, these 
were initially misinterpreted, largely because of the associated 
fever. We offer this case as a reminder to clinicians that fever 
may be a prominent feature of this disorder that, if not rec- 
ognized as such, may lead to an unnecessary delay in diag- 
nosis. 

Ann Ruderman, MD 

Philip A. Mackowiak, MD 

James W. Smith, MD 

Dallas Veterans Administration Hospital 
Dallas, Texas 
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GLUCOSE-INSULIN-POTASSIUM AND EPICARDIAL Q 
WAVE FORMATION 


'The article on the *border zone" from this laboratory! referred 
to the effect of glucose-insulin-potassium (GIK) solutions on 
epicardial Q wave formation when given for 6 hours to devel- 
oping dog infarcts. Owing to a printer's error, the reference 
given to that work was incorrect, as it has not yet been sub- 
mitted for publication. The relevant data are shown in Table 
I 


TABLE | 


Effect of Glucose-Insulin-Potassium (GIK) Infused for 6 
Hours on Epicardial Q Wave Formation in Dogs with 


Coronary Arterial Ligation 
Sites With 
Initial S-T 
Elevation of Control GIK Infused P 
—1 to 2 mv —3.2+ 01.9 —0.7 + 0.2 «0.01 
(49) (55) 
2 to 4 mv —5.7 t 14 —29 + 0.7 NS 
21) (24) 
4 to 8 mv — 11.0 £1.4 —4.0 + 0.5 «0.001 
(24) (39) 
>8 mv — 11.7 + 1.2 —5.4 d 1.2 «0.005 
(36) (17) 


Thus, as judged by these criteria, glucose-insulin-potassium 
is maximally active on sites of initial S- T elevation (15 minutes 
after ligation) of 4 to 8 mv, which are located just within the 
visible border. However, glucose-insulin-potassium is also 
active on other sites, including those of more than 8 mv initial 
elevation. 
A. J. Dalby MB, ChB, FCP (S.A.) 
Lionel H. Opie MD, FACC 
Cardiac Clinic, Groote Schuur 
Hospital and Ischaemic Heart 
Disease Research Laboratory 
Department of Medicine 
University of Cape Town 
South Africa 
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“CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
can be accomplished by all members and 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 


SEPTEMBER 1979 THROUGH JANUARY 


To be Preceptorships in Cardiology. Arthur 
arranged Seizer, FACC, director, Pacific Medical 


individu- Center, San Francisco, CA 
ally 
To be Preceptorships in Cardiology. Jules 


arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 

ally 

SEPT. Electrocardiography: Core Curriculum 

10-13 and Self-Assessment. Paul L. McHenry, 
FACC, director and Charles Fisch, 
FACC, co-director. Hilton Hotel (Down- 
town, Indianapolis), Indianapolis, IN 

Sept. Electrocardiography: Core Curriculum 

10-13 and Self-Assessment. Arthur Selzer, 
FACC, director. Fairmont Hotel, San 
Francisco, CA 

SEPT. Advanced Echocardiography. Harvey 

17-19 Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and 
Arthur E. Weyman, FACC, co-directors. 
Hyatt Regency Indianapolis, Indianapolis, 
IN 

OCT. New Concepts in Management of 

11-13 Congestive Heart Failure. Peter C. 


Gazes, FACC, director and Charles P. 
Summerall, Ill, FACC, Grady H. Hendrix, 
FACC, William H. Barnwell, Il, FACC, 
Bruce W. Usher, FACC, J. Lindsay 
Leviner, FACC, Robert G. Irvin and Larry 
E. Kibler, co-directors. Kiawah Island 
Inn, Kiawah Island, Charleston, SC 


OCT. Cardiology Update— 1979. William 

18-20 W. Parmley, FACC and Kanu Chatterjee, 
FACC, directors. Del Monte Hyatt House, 
Monterey, CA 


OCT. Correlations in Ischemic Heart Dis- 

22-23 ease. Leonard S. Gettes, FACC, direc- 
tor. Carolina Inn, University of North 
Carolina at Chapel Hill School of Medi- 
cine, Chapel Hill, NC 


OCT. New Techniques and Concepts in 

25-27 Cardiology. Coronary Artery Disease: 
Rehabilitation, Surgery, Coronary 
Spasm, Balloon Dilatation; Valvular 
Heart Disease; Hypertrophic Cardio- 
myopathy. Stephen E. Epstein, FACC, 
director. Hyatt Regency Hotel, Wash- 
ington, DC 


NOV. Cardiology for the Consultant: A Clini- 

5-14 cian's Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe Inn, Rancho Santa Fe, 
CA 


DEC. Coronary, Valvular, Hypertensive and 

2-5 Myocardial Heart Diseases: The 
Multi-disciplinary Approach. William C. 
Roberts, FACC, director. Williamsburg 
Conference Center, Williamsburg 
Lodge, Williamsburg, VA 


1980 

DEC. Advances in Heart Disease 1980. Dean 

7-9 T. Mason, FACC, director. Fairmont 
Hotel, San Francisco, CA 

DEC. Cross-Sectional Echocardiography vs. 

12-14 Cardiac Nuclear Imaging. Joel Mor- 
ganroth, FACC, director. Fairmont Hotel, 
Philadelphia, PA 

DEC. Twelfth Annual Cardiovascular Sym- 

14-16 posium: Clinical Decisions in Cardio- 
vascular Disease. Henry |. Russek, 
FACC, director. Sheraton Centre, New 
York, NY 

1980 

JAN. Eleventh Annual Cardiovascular Con- 

14-18 ference at Snowmass. John H. K. 
Vogel, FACC, director and Bruce C. 
Paton, FACC, co-director. Snowmass 
Resort, Snowmass, CO 

JAN. Coronary Artery Disease: Diagnosis 

15 and Treatment. William C. Sheldon, 
FACC and J. Kent Trinkle, directors. 
Convention Center, San Antonio, TX 

JAN.31- Fundamentals of Echocardiogra- 

FEB. 2 phy—An Introductory Course for Clin- 


icians. Joseph K. Perloff, FACC, director 
and Pravin M. Shah, FACC and John S. 
Child, FACC, co-directors. Century Plaza 
Hotel, Los Angeles, CA 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


| LEARNING CENTER: PROGRAM CALENDAR 





The American College of Cardiology's newest department, the Learning 
Center, located at the College's Bethesda Maryland headquarters, began 
operations in October 1977 with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 


a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through December 1979, contact 
Program Coordinator, Learning Center, American College of Cardiology, 
$111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone 
(301) 897-5400. 





SEPTEMBER 1979 THROUGH JANUARY 1980 








Month/Dates Course Director Title of Program 
Sept. 5-7 J. O'Neal Humphries, MD — Care Units: Management of Patients With Acute Myocardial Infarc- 
Sept. 10-11 Dan G. McNamara, MD Decisions in Clinical Pediatric Cardiology 
Sept. 17-19 Louis Lemberg, MD CCU Update for Nursing Supervisors 
Sept. 24-26 Kenneth M. Rosen, MD The Electrophysiologic Basis for Diagnosis and Therapy of Arrhythmia 
Sept. 27-28 Douglas P. Zipes, MD Pacing Frontiers: Physiological Pacing and Arrhythmia Control 
Oct. 8-11 Leonard S. Dreifus, MD Mechanisms and Therapy of Cardiac Arrhythmias 
Oct.15-17 Marvin Moser, MD Hypertension 
Oct. 29-31 Max Harry Weil, MD Emergency Care of the Critically Ill Patient 
Nov. 1-3 Barrie Levitt, MD Cardiovascular Therapeutics 
Nov. 28-30 William W. Parmley, MD Non-invasive Cardiovascular Procedure: Principles and Clinical Applications 
Jan. 21-24 William C. Roberts, MD Congenital Heart Disease 
Jan. 28-30 Gottlieb Friesinger, MD Coronary Artery Surgery 





29th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


Houston, Texas March 9-13, 1980 


Abstracts 
Entries must be postmarked no later than September 17, 1979 


Technical Exhibits 
Deadline for requests for space: October 5, 1979 


Scientific Exhibits 
Deadline for requests for space: October 5, 1979 


Young Investigators’ Awards Competition 
Entries must be postmarked no later than November 1, 1979 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, American College 
of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 200 14. 
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Thell Team: 
for Fluid Therap 
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The 11701, 1L702 and IL186 
team gives you a more cc ipi 
picture of cardiopulmonary cc 
and lets you prescribe fluid therapy with = 
greater confidence. COMM 
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1L701 Cardiac Output System 1L186 WEIL ON 

For cardiac output by thermal dilution. For measurement ofi 2C 

Offers these advantages: pressure (COP) —* 

e most accurate instrument available Accurate, fast, easy to operate. 

e probe senses injectate temperature at catheter The IL186 helps you: a 

e completely automated e quantitate risk of pulmonary ec T ie 

e 0°C to room temperature injectate e assess fluid balance a be 
e IL Catheters available: 7F-5F-2F e determine extent of cardiopulmoriary failure A 





e predict survival potential 


The IL702 Recorder interfaces with the IL701 or — * prescribe appropriate fluid therapy leyot 
IL186 for record-keeping and quality control. vs. colloid) 


For a demonstration of the IL Team, call IL toll-free: 800 225-4040. 
Or send for literature: 113 Hartwell Avenue, Lexington, MA 02173 


E C Instrumentation Laboratory 
= Biomedical Division 


Introduci ng the Datascope M/D3. 


It offers the world’s first lithium 
emergency power pack as part of the world's 
most advanced portable 
defibrillator system ever developed. 
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Datascope M/D3 
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Until now, the choice of a 
defibrillator system for the 
hospital was a compromise. 

You could have a 
defibrillator that weighed 35 
pounds or more that functioned 
pretty well on a crash cart. But 
it was a struggle to carry when 
you had to. 

Or you could have a 19 
pound defibrillator system. It 
was certainly lightweight, 
but it deprived you of many 
important features. 

You either had too much of 
one thing or too little of another. 

Now, you can have the 
best of both: the new Datascope 
M/D3. 

The M/D3 is remarkably 
compact and portable. It 
weighs less than 28 pounds. It 
measures only 13" x 15" x 7%". 
Yet it outperforms any heavy 
defibrillator system. And 
certainly any lightweight. 

To start with, the M/D3 
has the most advanced power 
system ever developed. As you 
might expect, the Datascope 
M/D3 operates on either 
battery or line power. 

But unlike conventional 
systems, the M/D3 puts an end 
to the worry about battery 
failure. Because, in addition to 
having nickel cadmium 
batteries, the M/D3 also has a 
revolutionary back-up battery: 

iut PH 





the first lithium-powered 
emergency pack. 

We conceived the Lithium 
Emergency Power Pack for that 
emergency when your 
rechargeable batteries are 
unusable, for whatever reason. 
Our lithium pack needs no 
maintenance and remains ready 
for use for five years. We can't 
guarantee that you'll ever use it. 
But we can guarantee you'll be 
glad the first time you do. 

Despite its compactness 
and portability, the M/D3 has 
a scope that measures a full 
5 inches diagonally. The same 
size as you d find in large 
systems. It has a bright non- 
fade display which you can 
freeze. And a large digital 


Our scope has over 4 times the viewing area ofa lightweight. 


display of heart rate. And, 
naturally, it has the quality and 
performance you'd expect 
from the world's largest manu- 
facturer of battery-powered 
monitors. 

Despite its size, the M/D3 
is available in a 500 joule as 
well as a 400 joule version. 
Either model incorporates a 
digital energy meter that 
precisely displays anticipated 
delivered energy. 

Overall, the M/D3 offers 
those innovative details which 
create functional design 
elegance. 

From the way all the oper- 
ating controls are arranged in a 
single plane. 

To the unique, dynamic 
calibration markers on the 









scope that give you an on-going 
indication of the sensitivity of 


the trace. 

To the document switch on 
the paddles which triggers the 
strip chart recorder. To the 
convenient way in which the 
paddles can be removed and 
replaced. 

To the electrode lead fault 
indicator. 

To the manner in which the 
battery pack can 
be rapidly ejected 
for replacement. 
To the fact that 
batteries are 
recharged in less than 5 hours 
instead of the usual 16. 

In short, the M/D3 is the 
most innovative development 
in defibrillator systems today. 

Frankly, there are so many 
exciting features in the M/D3, 
there’s simply not enough 
space to discuss them all here. 
We urge you to see the M/D3 
first-hand. To arrange for a 
demonstration call us at 
201-265-8800. Datascope 
Corp., Box 5-S , Paramus, 

NJ 07652. 

In Europe: Datascope 
B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope M/D3 
Defibrillator System 


|! 





BELL & HOWELL DISPOSADOMES 


A lot of physiological pressure transducer manufacturers make 
disposable domes for their transducers and, in all honesty, most 
of them are pretty much alike. 


Except Bell & Howell’s Disposadome.® The disposable dome 
with the flexible, hospital grade, silicone rubber membrane. The 
one that finally eliminates the time and bother of placing a fluid 
Each Disposadome is 100% factory pres- between the membrane and the transducer diaphragm! 


sure tested and inspected. Choice of 
Linden or Luer fittings. The next time you have to fill a dome, think about us. 





BELL& HOWELL 


Disposadome is designed for use with Bell & Howell physiological pressure transducers. . 


] ; 
Reduce risk and NEED -- 


simplify patient care 
with these two practical texts 
on cardiographic procedures 
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A "how-to" guide to the selection, performance and interpretation of 
nuclear cardiographic studies in the complete range of valvular, congenital, 
coronary and myocardiopathic heart diseases. Written by a practicing 
cardiologist and a specialist in nuclear medicine, this authoritative 
reference can reduce risk through the avoidance of dangerous invasive 
procedures such as cardiac catheterization and improve patient care 
through the facilitation of early and accurate diagnosis and management. 


Major new contributions to its field are found in each of the book's three 
main sections: Nuclear Cardiologic Techniques, Interpretation of the 
Nuclide Cardiogram, and Clinical Nuclear Cardiology. 








Nuclear cardiography is an amazingly effective new technology for those 
who learn how to use it properly. To take advantage of its valuable low-risk 
techniques in your own practice, simply fill out and return the coupon 
provided below. 


173 Pages / 141 Black-and-White Illustrations / 6 Full-Color Figures on 2 
Plates / 1979 / $30.00 











2nd Edition 


ELECTROCARDIOGRAPHY 


Practical Applications with Vectorial Principles 
By Edward K. Chung, M.D., F.A.C.P., F.A.C.C. 


Now expanded to include every known common The 2nd Edition of ELECTROCARDIOGRAPHY is clear, 


electrocardiographic abnormality and cardiac arrhythmia 
encountered in daily practice, this significant new 2nd 
edition employs the vectorial approach, a three- 
dimensional analysis leading to greater diagnostic 
accuracy. 


Fundamental mechanisms are explained—backed by cry- 
stal clear illustrations—and clinical significance and ther- 
apeutic techniques are discussed. Entirely new chapters 
cover: His Bundle Electrocardiography, Holter Monitor 
Electrocardiography, Exercise Electrocardiography, Sick 
Sinus Syndrome and Brady-Tachyarrhythmia Syndrome. 
Major revisions appear in the chapters on: the Wolff-Park- 
inson-White Syndrome, and Management of Cardiac 
Arrhythmias with emphasis on artificial cardiac pacing. 


Lippincott/Harper 


P. O. Box 7777-R0200/Philadelphia, Pa. 19175 





concise and practical . . . an essential clinical tool. 


600 Pages / 686 Illustrations 
Scheduled to be published February, 1980 


Let these valuable references 
prove their worth in your practice. 
Send for your copies today. 


---------- 


Please send me for 30 days’ free examination 





O ___ copy(ies) PRACTICAL NUCLEAR 

CARDIOLOGY (14-24704) ............... $30.00 
DO.  copy(ies) ELECTROCARDIOGRAPHY, 

Sie ECHISDBAaD) sates PR Ae rave. In Prep. i 
Signature i 
Name 2 een M 


(please print) = 
Address 


City/State/Zip à 
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Imagine our excitement at becoming 


Not that we're surprised. It's what we intended 
all along. What did surprise us is that it hap- 
pened so fast. 

That's because, since our beginnings in 
1972, we haven't spent our time measuring 
our success, but creating it. 

Like many other services in the long-term 
ECG (Holter) recording field, we saw that the 
main focus of the cardiologist was diagnosis 
and treatment, not maintaining complex and 
expensive equipment. Or tedious examination 
of twenty-four hour ECG recordings. Or time- 
consuming quality control. The need is for 
accurate data, clearly and quickly reported. 

But we also saw something our competitors 
didn't see — room for improvement. So we de- 
cided to take the lead. Make the commitment. 

There was more room than we thought: 
Room for re-inventing ECG recording tech- 


niques with the first miniaturized, two lead 
FM cassette recorder with a built-in timing 
track. For introducing the first digital computer- 
assisted playback system. For replacing the 
error-prone, rapid-fire Holter superimposition 
method with the operator controlled Stein/ 
Peterson™ Examination Technique (with the 
heartfelt thanks of many a bleary-eyed exami- 
ner). For greatly improved data formating so 
that reports can be interpreted at a glance. 
For remote print-out terminals that can pro- 
vide twenty-four hour delivery in cities like 
Los Angeles, Dallas, Chicago, Philadelphia, 
San Francisco, Cleveland and of course, 
Boston and New York (with more cities 
to come). 

The list is long. The results have been 
impressive. 

Clinical Data is today the largest and most 





. number one. 


comprehensive long-term ECG recording and 
reporting service in America. Five times larger 
than our nearest competitor, we're told. We re 
the only service that's truly national in scope. 
We have over 100 employees — more than 90 
of them medically trained professionals. We 
examine hundreds of millions of heartbeats 
and prepare thousands of reports every 
month. Hundreds of cardiologists across the 
nation depend on our reports for accu- 
racy, clarity, and many extra features 
that are simply unavailable elsewhere. 
We'd like to share our excitement 

«with you. For your free detailed bro- 
chure and sample LCG Report-Il" write 
to us at 1371 Beacon Street, Brookline, 
Massachusetts 02146. Or call toll tree 
800-225-9180. 
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: Clinical Data, Inc. 


Making a long-term commitment to long-term recordinc 


6,000,000 fewer beats a yea 









J 
E ; PRHA ze 
^c Ss soft W, luec r : 
ropranolol HCl) 


works, the anginal heart 
doesn't have to work so hard. 


Consider the anginal heart at stress: It works harder, faster. 
Needs more oxygen. Pumps harder, faster still. Strives for more 
oxygen — with pain. Anginal attack means more nitroglycerin. 
And that means faster heart rate. The cycle repeats. 











Consider Inderal: It reduces heart rate—therapeutically —by some 12 
beats a minute.'* 720 fewer beats per hour. Some 6 million fewer beats 
per year That means less work for the anginal heart. Less oxygen 
demand by the myocardium. Fewer anginal attacks. Less need for 
sublingual nitroglycerin. More tolerance for exercise —and more 
freedom of action. 


Reduction in heart rate is modest: should not be cause for concern. ' 

The relatively low dosages required for angina prophylaxis (an average 
of 160 mg/day) produce few, if any, serious adverse reactions, which 

in any case are readily recognized and controlled. 


With proper patient selection—in the absence of bronchial asthma, 
sinus bradycardia, or heart block greater than first degree —risk of 
precipitating cardiac failure is extremely rare. And withdrawal prob- 
lems may be avoided by reducing dosage gradually —rather than 
abruptly.* 


Consider too: There is also a favorable redistribution of perfusion to 
the vulnerable subendocardium.* And, in patients who may still need 
nitroglycerin p.rn., INDERAL will cancel the undesirable increase 


in heart rate and contractility. 
Prescribe INDERAL with confidence. Effec- INDERAL 
tive. Reliable. For patients with moder- 
ate to severe angina in whom conven- (PROPRANOLOL HCI) 
tional measures have failed. TODAY'S 40mg 80mg tabs. 
setulae matectse — BENCHMARK 
ORANGINA 

PPOPHYLAN IS 

| | | a 
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| BRIEF SUMMARY | 
(FOR FULL PRE SCRIBING INFORMATIONS SEE PACKAGE CIRCULAR.) 
Inderal® BRAND OF | 
‘PROPRANOLOL HYDROCHLORIDE ; 
* . A beta-adrenergic blocking agent z 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA). AND THE PHARMACOLOGY OF 
THIS DRUG. 


T ACTIONS 

Beta receptor blockade is useful in conditicns in which, because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts, adequate ventricular function is maintained by virtue of sympathetic 
drive which should be preserved In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm 

The proper objective of beta blockade therapy is to decrease adverse sympathetic stimula- 

x tion but not to the degree that may impair necessary sympathetic support. 

, Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 

blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the 

velocity and extent of myocardial contraction. On the other hand, propranolol may increase 

——. Oxygen requirements by increasing left ventricular fiber length, end diastolic pressure, and 

FT Systolic ejection period. 

' If the net physiologic effect of beta adrenergic blockade in angina is advantageous, it would 
_ be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 
~ gen requirement. 

Kè INDICATION 

-Angina Pectoris Due to Coronary Atherosclerosis: The initial treatment of angina pectoris 

... involves weight control, rest, cessation of smoking, use of sublingual nitroglycerin, and avoid- 
. ance of precipitating circumstances. INDERAL is indicated in selected patients with moderate 


p 
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x to severe angina pectoris who have not responded to these conventional measures. 

_ Propranolol should not be used in patients with angina which occurs only with considerable 

—.. effort or with infrequent precipitating factors. 

|». — INDERAL exerts both favorable and unfavorable effects, the preponderance of which may be 

__ beneficial. (See ACTIONS Section.) INDERAL should not be continued unless there is reduced 

Re pam or increased work capacity. 

Tu T Because of the potential for adverse results, treatment should be carefully monitored. The 
patient should also be reevaluated periodically since the dosage requirement and the need to 

a continue INDERAL may be altered by clinical exacerbations or remissions. (See DOSAGE AND 

t ADMINISTRATION. ) 

x - Additional studies of the effects of INDERAL in angina pectoris patients are in progress to 

i. . better evaluate and define the proper role o! INDERAL in this condition. 


CONTRAINDICATIONS 
| INDERAL | is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season; 
_ 3) sinus bradycardia and greater than first Gegree block; 4) cardiogenic shock; 5) right ventric- 
i ular failure secondary to pulmonary hypertension; 6) congestive heart failure (see WARNINGS) 
- . unless the failure is secondary to a tachyarrhythmia treatable with INDERAL:; 7) in patients on 
x adrenergic- augmenting psychotropic drugs (including MAO inhibitors), and during the two 
|». week withdrawal period from such drugs. 
a | WARNINGS 
- CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting circulatory func- 
A . tion in congestive heart failure, and inhibition with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure 
E ~ INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
: e €., that of supporting the strength of myocardial contractions). In patients already receiving 
"n 


6T. 


E ‘digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's negative inotrop- 


Š ic effect. The effects of INDERAL and digital s are additive in depressing AV conduction. 
Xt IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
bs - myocardium over a period of time can, in some cases, lead to cardiac failure. In rare instances, 

this has been observed during INDERAL therapy. Therefore, at the first sign or symptom ot 
impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
-response observed closely: a) if cardiac failure continues. despite adequate digitalization and 
. diuretic therapy. INDERAL therapy should be immediately withdrawn: b) if tachyarrhythmia is 
-— being controlled, patients should be maintained on combined therapy and the patient closely 
followed until threat of cardiac failure is over 


| INPATIENTS WITH ANGINA PECTORIS. there have been reports of exacerbation of angina 
.| and, in some cases, myocardial infarction following abrupt discontinuation of INDERAL 
.| therapy Therefore, when discontinuance of INDERAL is planned the dosage should be 
|. gradually reduced and the patient carefully monitored. In addition, when INDERAL 
_ | ts prescribed for angina pectoris, the patient should be cautioned against interruption or 
cessation of therapy without the physician s advice. If INDERAL therapy is interrupted 


and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris. 
| Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
| advice in patients considered at risk of having occult atherosclerotic heart disease, 
who are given propranolol for other indications 





— . IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
fine 3 not been adequately appraised. Special corsideration should be given to propranolol's poten- 
> -tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 

E ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 

-= Slowly Propranolol does not distort thyroid function tests. 

INPATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME. several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titratec carefully when administered for arrhythmias 

occurring during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGERY. beta blockade impairs the ability of the 
heart to respond to reflex stimuli. For this reason, with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available evidence. However. in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of such agents, e g., isoproterenol or levarterenol. However. 
such patients may be subject to protracted severe hypotension Difficulty in restarting and 
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| vert occ kein aus al (e.g. CHRONIC BRONCHITIS 


‘there Athy INDERAL should be administered with caution since it may blaeBronchodila- 


tion produced by endogenous and exogenous catechclamine stimulation of beta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adregergic 
blocking activity, INDERAL may prevent the appearance of premonitory signs and Sympigms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has nat been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed agains! the expected therapeutic benefit. Em- 
bryctoxic effects have been seen in animal studies at doses about 10 times the maximum rec- 
ommended human dose. 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catechoiamine blocking action of this drug may 
then produce an excessive reduction of the resting symoathetic nervous activity. Occasionally, 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycardia 
resuiting in vertigo, syncopa! attacks, or orthostatic hypotension. e 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. Tne drug should be used with caution in patients with impaired rena 
or hepatic function. 


ADVERSE REACTIONS 

Cardiovascular. bradycardia; congestive heart failure; intensification of AV block, hypotension: 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System. lightheadedness; mental deoression manifested by insomnia, lassi 
tuce weakness, fatigue; reversible mental depression progressing to catatonia: visual distur- 
bances, nallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gestrointestinal: nausea. vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutanaous reactions involving the skin, ser- 
ous membranes and conjunctivae reported for a beta blocker (practolol) have not been conclu 
sively associated with propranolol. 

Cimical Laboratory Test Findings: Elevated blood urez levels in patients with severe heart dis 
ease, elevated serum transaminase. alkaline phosphatase, lactate dehydrogerase 


DOSAGE AND ADMINISTRATION 
The dosage ringk for INDERAL is different for each indication. 
ORAL 


ANGINA PECTORIS—Dosage must be individualized Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mc per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established. 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks. 
(See WARNINGS ) 


PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are toc limited to permit ade- 
quate directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE. THE FOLLOWING MEA- 
SURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1:0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND DIURETICS 

HYPOTENSION — VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHR!NE IS THE DRUG OF CHOICE) 

BRONCHOSPASM — ADMIN!STER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 

TABLETS (propranolol hydrochloride) 

No. 461 — Each scored tablet contains 10 mg of propranolol hydrochioride, in bettles of 100 anc 
1.000. Also in unit dose package of 100. 

No 462 — Each scored tablet contains 20 mg of propranolol hydrochioride, in bettles of 100 anc 
1,000. Also in unit cose package of 100. 

No. 454 — Each scored tablet contaias 40 mg of propranolo! hydrochioride, in bettles of 106 anc 
1.000. Also in unit Cose package of 100. 

No. 458— Each scored tablet contaims 80 mg of propranolol hydrochloride, in bettles of 100 anc 
1,000. Also in unit Gose package of 100. B 


INJECTABLE 
No. 3265 — Each m! contains 1 mg of propranolol hydrocnioride in Water for Injection. The pH is 
adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


References: 1 Dagenais, G.R . Pitt, B., and Ress, R.S.: Am. J. Cardiol. 28°10 (July) 1971 

2 Ginn. W.M., and Orgain, E.S. J.A M.A. 198 192 (Dec. 12) 1966 3. Zeft, H.J., Patterson, S., 
and Organ, E.S.: Arch. Intern. Med. 124:578(Nov.) 1969 4. Dunér, H , and Pernow, B. Acta 
Med. Scand. 194.517 (Dec.) 1973. 5. Zsotér, TT, and Beanlands, D.S- Arch. Intern. Med 

124 584 (Nov.) 1969. 6. Wiener, L., Dwyer, E.M.. and Cox. J.W.: Circulation 39:623 (May) 1969. 
7. Shand. D.G.: Drug Therapy 8:53 (July) 1978 8. Cohen L.S., in Braunwald, E. (ed): Beta- 
Adrenergic Blockade, A New Era in Cardiovascular Medicine: Proceedings of an International 
Symposium, New York, Excerpta Medica/Elsevier, 1978, op. 143-151 
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"hypertensive patients eligible for therapy with Catapres. 
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e Alpna 
Advantage: 


It’s for all kinds of hypertensives 


e Unlike beta blockers, Catapres” has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure Allergic rhinitis 

Ventricular hypertrophy Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/play—normal hemodynamic responses to exercise maintained. 


love —low incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied. ' 


cardiac output- tends to return to control values during long-term therapy. 
blood B i [e] Eie 1 1- in kidney. 
No Single Advantage Determines Drug Choice. 
Other factors must include: 


The drug's effectiveness in a given patient, its 
side effects; warnings, precautions, tolerance, 
etc. A rational therapeutic choice depends on a 
careful assessment of all such factors. 


2 — *Central alpha-adrenergic stimulation decreases sympathetic outflow trom 
the brain, as shown in animal studies. 


Wd omo. 
! Eu $: aaa file at Boehringer Ingelheim Ltd. 
i panes page for brief summary, including 
| , and adverse reactions. 
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The Alpha 


Advantage: 


Its for all kinds 
of hypertensives 


Cal Tablets of 0.1 mg and 0.2 mg 


(clonidine HCI) 
HYPERTENSION 


e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension— no fatal hepatotoxicity. 


e Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 





The usual starting dose of Catapres is 0.1 mg at break- 
fast and 0.1 mg at bedtime. Some patients may benefit 
from a starting dose of 0.1 mg at bedtime. 


Usual daily dose range—0.2 — 0.8 mg 


Maximum daily dose—2.4 mg (12 tablets of 0.2 mg). 
Doses as high as this have rarely been employed. 


For optimal results, the dose of Catapres must be 
adjusted according to the patient's individual blood 
pressure response. 





Catapres? 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and 
associated subjective symptoms such as nervousness, agitation, and headache 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have beer 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has no! been established in these cases. It has been demonstrated that ar 
excessive rise in blood pressure. should it occur, can be reversed by resumption o 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engagein potentially hazardous activities, such as operating machinery or driving 
should be advised of the sedative effect. This drug may enhance the CNS- 
depressive effects of alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride should be used with 
caution in patients with severe coronary insufficiency, recent myocardial infarction 
cerebrovascular diseáse or chronic renal failure. 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic findings 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced à dose-dependent increase in the incidence and severity of 


spontaneously occurring retinal degeneration in albino rats treated for 6 months c 
longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness ant 
sedation. Constipation, dizziness, headache. and fatigue have been reportec 
Generally these effects tend to diminish with continued therapy. The followin 
reactions have been associated with the drug, some cf them rarely. (In sqm 
instances an exact causal relationship has no: been established.) These include 
Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormalities ii 
liver function tests; one report of possible drug-induced hepatitis without icteru 
and hyperbilirubinemia in a patient receiving clonidine hydrochlÉride, chlor 
thalidone and papaverine hydrochloride. Weight gain, transient elevation of bloo: 
glucose, or serum creatine phosphokinase: congestive heart failure, Raynaud’: 
phenomenon; vivid dreams or nightmares, insomnia, other behavioral changes 
nervousness, restlessness, anxiety and mental depression. Also rash, an 
gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not associate 
with a rash, impotence. urinary retention, increased sensitivity to alcohol, dryness 
itching or burning of the eyes, dryness of the nasal mucosa, pallor, gynecomastia 
weakly positive Coombs’ test, asymptomatic electrocardiographic abnormalitie: 
manifested as Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or ab 
sent reflexes and vomiting followed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 5 years of age. Gastrii 
lavage and administration of an analeptic and vasopressor led to complete re 
covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30-minutt 
intervals usually abolishes all effects of Catapres, (clonidine hydrochloride) over 
dosage. - 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 me 
(tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 1000 
For complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim GmbH 
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‘Cambridge 


Stress Test System 


Plug-in 


Programmobility 


for individualized 
patient needs 


More than manual, more than auto- 
‘ matic — it’s the only stress test sys- 
tem that gives you so many ways to 
EU tests according to patients’ 
varying needs. 


‘fou can, of course, choose the basic 
menual treadmill control module for 
remote control and display of speed 
and elevation. 


Or, you can combine convenience 

and repeatability by controlling the 
treadmill automatically — not with 

the locked-in program other auto- 

matic systems provide, but with an 

automatic test control package de- 
signed for total in-use flexibility. 


Providing automatic control of tread- 
mill speed and elevation for any test 
protocol up to 12 stages, this unique 
control package uses plug-in pro- 
gram cartridges you can buy pre-set 
from Cambridge to Bruce or Balke 
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To change stress test programs, 
change the cartridge — 
inseconds. Andyoucan 
re-program the 


cartridge, too. 


yourself. For hands-off control con- 


vary recording format, stage duration 
and recording duration wit 


multiple test versatility, chang 
tocol in seconds by simply ch 
cartridges4{ours, yours, or both) 
Either way, you get freedom of 
choice plus freedom from the high 
cost of dedication. The STS-Ill’s 


state-of-the-art 3-channel recorder 


- 4 a a d a! ry Ta 


Cambridge 
instrument 
Company, Inc. 


first in electrocardiography 
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COUMADIN: 


(CRYSTALLINE 
SODIUM WARFARIN USP) 





FOR ORAL ANTICOAGULATION 


Prophylactic Use 


A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured—particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities—and patients undergoing 
elective cup arthroplasty or pelvic surgery. 


Emphasis should be placed on prophylaxis 
for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
GSP) 


The oral anticoagulant 


Therapeutic Use 


For established thromboembolism, adminis- 
tration of LV. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN® a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 


In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt . 
environmental change may influence pro- 
thrombin time and, therefore, response to 


COUMADIN® 


~ COUMADIN 


(CRYSTALLINE SODIUM WARFARIN USP, 


Before prescribing, please see prescribing 
information on following page. 

COUMADIN® is an Endo registered U.S. trademark; 
* U.S.Pat. No. 3,077,481 (Reissue No. 25,866) 


€ndo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N. Y. 11530 


COUMADIN 


(CRYSTALLINE SODIUM WARFARIN’) 


DESCRIPTION COUMADIN® (crystalline sodium warfarin), a prothrombinopenic anticoagulant, is 
chemically crystalline sodium warfarin isopropanol clathrate. The crystallization of sodium warfarin vir- 
tually eliminates trace impurities present in amorphous sodium warfarin, thus achieving a crystalline 
product of the highest purity. Warfarin* is the coined generic name for 3-(a-Acetonylbenzyl)-4-hydrox- 
ycoumarin. On a dose-for-dose basis, COUMADIN * (crystalline sodium warfarin) is therapeutically 
equivalent tc amorphous sodium warfarin. 


ACTIONS COUMADIN * and other coumarin anticoagulants act by depressing synthesis in the liver of 
several factors which are known to be active in the coagulation mechanisms in a variety of diseases 
characterized by thromboembolic phenomena. The resultant in vivo effect is a sequer*ial depression of 
Factors VII, IX. X and Il. The degree of depression is dependent upon the dosage administered. 
Anticoagulants have no direct effect on an established thrombus, nor do they reverse ischemic tissue 
damage. However. once a thrombosis has occurred, anticoagulant treatment aims to prevent further 
extension of the formed clot and prevents secondary thromboembolic complications which may result 
in serious and possible fatal sequelae. 


After oral administration, absorption is essentially complete, and maximal plasma concentrations are 
reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. COUMADIN * 
usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action may persist for 4 to 
5 days. thus producing a smooth, long lasting response curve. Little is known of the metabolic 
pathways involved in the biotransformation of oral anticoagulants in man. However. their metabolites 
appear to be eliminated principally in the urine. 






INDICATIONS Based on a review of this drug by the National Academy of Sciences- National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN * is indicated for the prophylaxis and treatment of venous thrombosis 
and its extension, the treatment of atrial fibrillation with embolization. the prophylaxis and 
treatment of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


"Possibly " effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 









CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition 
or personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 

Pregnancy — COUMADIN * (crystalline sodium warfarin) is contraindicated in pregnancy because the 
drug passes through the placenta! barrier and may cause fatal hemorrhage to the fetus in utero. Fur- 
thermore, there have been reports of birth malformations in children born to mothers who have been 


treated with warfarin pl pregnancy. Women of childbearing potential who are candidates for 


anticoagulant therapy should be carefully evaluated and the indications critically reviewed with the 
patient. If the patient becomes pregnant while taking this drug, she should be apprised of the potential 
risks to the fetus, and the possibility of termination of the pregnancy should be discussed in light of 
those risks. 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated "ey of: (1) central nervous 
system; (2)eye. (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies asso- 
ciated with active ulceration or overt bleeding of: (1 gastrointestinal, genitourinary or respiratory 
tracts. (2) cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta. (4) pericarditis and 
pericardial effusions; (5) subacute bacterial endocarditis. Threatened abortion, eclampsia and pree- 
clampsia. Inadequate laboratory facilities or unsupervised senility, alcoholism, psychosis: or lack of 
patient cooperation. Spinal puncture and other diagnostic or therapeutic procedures with potential for 
uncontrollable bleeding. Miscellaneous: polyarthritis, vitamin C deficiency. major regional. lumbar 
block anesthesia and malignant hypertension. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2% days: therefore its effects may 

become more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly 

that treatment of each patient is a highly individualized matter. Dosage should be controlled by periodic 

determinatiens of prothrombin time or other suitable coagulation tests. Determinations of whole blood 

clotting and bleeding times are not effective measures for control of therapy. Heparin prolongs the one- 
stage prothrombin time. Therefore. to obtain a valid prothrombin time when heparin and COUMADIN * 

are given together, a period of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 

hours after the last subcutaneous dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condi- 
tion where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in 
which the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in 
untreated cases. The following may be associated with these increased risks: 

Lactation—coumarins may pass into the milk of mothers and cause a prothrombinopenic state in the 
nursing infant. Prolonged dietary deficiency (cachexia, vitamin K). Severe to moderate hepatic or 
renal insufficiency. Infectious diseases or disturbances of intestinal flora-sprue, antibiotic therapy. 
Trauma which may result in internal bleeding. Surgery or trauma resulting in large exposed raw sur- 
faces. Indwelling catheters. Severe to moderate hypertension. Miscellaneous: polycythemia vera. 
vasculitis, severe diabetes, menometrorrhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN®. thereby requiring 
more frequent laboratory monitoring, and reduced doses of COUMADIN *. 


Abrupt cessation of anticoagulant therapy is not generally recommended: taper dose gradually over 
three to four weeks. 


NUN Periodic determination of prothrombin time or other suitable coagulation test is 
essential. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 

state and medication may influence response of the patient to anticoagulants. It is generally good 

practice to monitor the patient's response with additional prothrombin time determinations in the 

me immediately after discharge from the hospital, and whenever other medications are initia- 
ed, discontinued or taken haphazardly. The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated 
temperature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K defi- 
ciency- steatorrhea. 


EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids: antibiotics; bro- 
melains; chloral hydratet; chlorpropamide. chymotrypsin: cinchophen; clofibrate; COUMADIN * over- 
dem dextran; dextrothyroxine; diazoxide: dietary deficiencies; diureticst; disulfiram; drugs affecting 
blood elements; ethacrynic acid: glucagon; hepatotoxic drugs; indomethacin: inhalation anesthetics: 
mefenamic acid; methyldopa; methylphenidate; metronidazole: monoamine oxidase inhibitors: nalidixic 
acid; oxolinic acid; oxyphenbutazone; phenylbutazone; phenyramidol; prolonged hot weather; pro- 
longed narcotics; quinidine; quinine; salicylates; sulfinpyrazone; sulfonamides, long acting; thyroid 
wee. tolbutamide; triclofos sodium; trimethoprim/sulfamethoxazole; unreliable prothrombin time 
eterminations. 


tincreased and decreased prothrombin time responses have been reported. 
The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 
ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperli- 
pemia; hypothyroidism. 

*Present as crystalline sodium warfarin isopropanol clathrate. 
Licensed by Wisconsin Alumni Research Foundation. 


U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
COUMADIN * is an Endo Registered U.S. Trademark. 


EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt: antacids: antihistamines; barbiffirates 
chloral hydratet; chlordiazepoxide: chelestyramine; COUMADIN * underdosage: diet igit in vitamin f 
(vegetables, fish, fish oil, onions); diareticst: ethchlorvyno:; glutethimide; griseofulvin, haloperidol 
meprobamate; oral contraceptives: paraldehyde. primidone: rifampin: unreliable prothrombig timt 


determinations; vitamin C. 
tincreased and decreased prothrombin time responses have been reported e 


A patient may be exposed to a combination of the above factors, some of which may incgease and some 
decrease his sensitivity to COUMADIN ' . Because the net effect on his prothrombin time response may 
be unpredictable under these circumstances, more frequent laboratory monitoring is advisable 


Drugs nct yet shown to interact or not 10 interact with coumasins are best regarded with suspicion, anc 
when their administration is started or stopped, the prothrombin time should be determined more often 
than usual. 


Coumarins also affect the action of cther drugs. Hypoglycemic agents (chlorpropamide and tolbu 
tamide) and anticonvulsants (diphenylnydantoin and phenobarbital) may accumulate in the body as a 
result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side eFects of COUMADIN * (crystalline socium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ—whieh is an extension of the physiologic activ 
ity of prathrombinopenia. The signs aad symptoms will vary according to the location and degree or 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the 
condition of any anticoagulated patiert with complaints which do not incicate an obvious diagnosis 
Bleeding during anticoagulant therapy does not always correlate with prothrombin activity. (See TREAT- 
MENT FOR OVERDOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis 
fever, nausea, diarrhea. abdominal cramping, a syndrome called ‘purple toes,” hypersensitivity reac 
tions anc an extremely rare reaction coasisting of hemorrhagic infarction and necrosis of the skin 


DOSAGE AND LABORATORY CONTRO. The aim of anticoagulant therapy is to impede the coagulation 
or clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding 
such extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with 
minimal complications can best de achieved in cooperative and well-instructed patients. who keep the 
doctor Liaise of their status betwee visits. COUMADIN * patient aids are available to physicians on 
request. 


The administration and dosage of COUMADIN * must be individualized for each patient according to the 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 
reflects the depression of vitamin K dependent Factors Vil. X and II. These ‘actors. in addition to Factor 
IX. are affected by coumarin’ anticoagulants. There are several modifications of the Quick one-stage 
prothrombin time and the physician should become familiar with the specific method used in his 
laboratory. 


Administration of COUMADIN * shoulc be gauged according to prothrombin time determinations by a 
suitable method. The blood protnrombin time should usually be determined daily after the administra- 
tion of the initial dose until prothrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time determinations should be based upan the physician s judgment 
of the patient s reliability and response to wartarin in order to maintain the individual within the thera- 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within the 
range of one to four weeks. Satisfactary levels for maintenance of therapeutic prothrombinopenia are 
1% to 2*2 times the normal prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 


Induction-40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intramuscular y. 


Maintenance- Mos! patients are satis:actorily maintained at a dose of 2 to 10 mg daily. Flexibility of 
dosage is provided by breaking scored tablets in half. The individua! dose and interval should be gauged 
by the patient s prothrombin response 


Duration of therapy- The duration of therapy in each patient should be individualized. In general. 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment during dentistry and surgemy- The management ot patients who undergo dental and surgical 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of 
anticoagulant therapy may precipitate thromboembolism, and conversely. if anticoagulants are main- 
tained at full doses, some patients ma” hemorrhage excessively. If it is elected to administer anticoagu- 
lants prier to, during, or immediately ‘ollowing dental or surgical procedures. it is recommended that 
the dosage of COUMADIN * be adjusted to maintain the prothrombin time at approximately 1% to 2 
times the control level. The operative site should be sufficiently limited to permit the effective use of 
local procedures for hemostasis inclucing absorbable hemostatic agents, sutures. and pressure dress- 
ings if necessary. Under these conditions denta! and surgical procedures may be performed without 
undue risk of hemorrhage. 


COUMADIN * with Heparin—Since a delay intervenes between the administration of the initial dose and 
the therapeutic prolongation of prothrembin time, it may be advisable in situations of great emergency 
to administer sodium heparin initially along wit) COUMADIN *. The initial dose of heparin and injectable 
COUMADIN * may be administered together in the same syringe. It should be noted that heparin may 
affect the prothrombin time, and there'ore. when patients are receiving both heparin and COUMADIN *. 
the blood sample for prothrombin time determination should be drawn just prior to the next heparin 
dosage. and preferably 4 to 5 hours ater the last intravenous injection or 12 to 24 hours after the last 
subcutaneous injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding. is readily 
controlled by discontinuing COUMADIN” (crystalline sodium warfarin). and if necessary. the oral or 
parenteral administration of vitamin Ky. The appearance of microscopic hematuria, excessive menstrual 
bleeding. melena, petechiae or oozing from nicks made while shaving are early manifestations of 
hypoprothrombinemia beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of. 
COUMADIN * may suffice; and if necessary. small doses of vitamin K, orally, 2.5 to 10 mg. will usually , 
correct the problem | 
If minor bleeding persists, or progresses to frank bleeding. vitamin K: in doses of 5 to 25 mg may®Z 
given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use. 
Fresh whole blood transfusions shoulc be considered in cases of severe bleeding or prothromb: 

states unresponsive to vitamin K 

Resumption of COUMADIN * administration reverses the effect of vitamin Kı, and a therapeutic 
hypoprothrombinemia level can be obtained. 

SUPPLIED Tablets: COUMADIN * (crystalline sodium warfarin). For oral use, single scored. imprinted 
numerically with potency as follows: 2 mg lavender, 2*2 mg orange, 5 mg peach. 7*2 mg yellow. 10 
mo white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous 
or intramuscular use in a box of 6 uni's for use immediately after reconstitution. 50 mg: Unit consists 
of 1 vial. 50 mg; sodium chloride, 10 ng; thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide: 
accompanied by a 2 ml ampul Sterile Water for Injection. 


Sterile Water for Injection contains ro antimicrobial or other substance, and it is not suitable for 
intravascular injection without first having been made approximately isotanic by the addition of a suit- 
able solute. Use only for reconstitutior of the lyophilized product. 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co (Inc.) ~ 
Garden City, N.Y. 11530 


Printed in U.S.A. 
6037-10 
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For Non-Invasive Dynamic Heart Studies 


DYMAX-MB 


- A COMPUTERIZED MOBILE GAMMA CAMERA 


FTOVIdes the Technique For Today -and Tomorrow 
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U.S.A. ELSCINT INC, 138-160 Johnson Avenue, Hackensack, New Jersey 07609, 
eo Telephone : 201-487-5885 ; Telex : 135382. 

Germany: E!scint GmbH, Freudenbergstrasse 27, 62 Wiesbaden-Schlerstein, Tel.: (06121)2786. 

U.K. : Elscint (GB) Ltd. 5 Priestley Way, Crawley, Sussex RH10 2DW, Tel. ; (0293) 21285/6/7. 

Belgium : Elscint N.V./S.A. Rue du Saphir 31, B-1040 Brussels, Tel.: (02) 735.46.06.-735.48.13. 

Holland : Elscint B.V. Raadhuislaan 12B, Maarn, Tel. : 03432-2987. 

. Brazil; Rua Dos Moras 576 Alto De Pinheiros 0534-Sao Paulo, Tel. : 210-8906. 

Israel: Elscint Ltd. P.O.Box 5258 Haifa, Tel. : 04-522516, 04-510692. 

In other countries: Write to Elscint interiietional Sales Service Div., Elscint - 1.8.8.D. 

Anndhdale, North End Road, Golders Green - London NW 11 7OY, Tel. : (01)458-7323. 


A New 
Inotropic Agent 
for the Short-Term 
Treatment of Low-Output 
Cardiac Failure 


selectively Increases 
Myocardial Contractility 
with Consistent 
Hemodynamic Improvements 


see third page for brief summary of prescribing information 


Distinguishing Qualities of Dobutrex 


| d 
Strong Inotropic Activity through 
Selective Stimulation 


Dobutrex is a potent, positive inotropic agent 
whose primary activity results from stimulation of 
C the 8 receptors of the myocardial muscle cells.’ 


Hemodynamic Improvements 

Dobutrex has minimum effect on the 
adrenergic receptors in the vasculature.! In 
most patients, blood pressure changes are 
small, and decreases in afterload and preload 
have been reported in clinical investigations 
(see warnings)? 


Small Effect on Heart Rate and Automaticity 
Dobutrex has minimum effect on ventricular 
automaticity? and does not reduce blood 
pressure^ This, together with its low chronotropic 
potential, reduces the risk of arrhythmia (see 
warnings). 


Renal Output and Urine Flow 

Dobutrex does not have the direct renal 
vasodilative effect of low-dose dopamine; 
however, in patients with heart failure, Dobutrex 
generally promotes a diuresis as renal perfusion 
rises with the increased cardiac outputs 


y 


Direct-Acting 

Unlike dopamine, Dobutrex acts directly on the 
myocardium and does not depend on the 
release of endogenous norepinephrine for its 
inotropic activity. 


Myocardial Oxygen Balance 

Increases in coronary heart perfusion due to 
increased cardiac output, together with a 
favorable influence on some of the major 
determinants of oxygen consumption (for 
example, decreases in left-ventricular filling 
pressure, decreases in systemic vascular 
resistance, and a mild chronotropic effect 2°), 
suggest that Dobutrex improves or maintains 
myocardial oxygen balance. 














infrequent Side Effects 

Increases in heart rate, blood pressure, and 
ventricular ectopic activity have occurred. The 
ug is contraindicated in patients with 
idiopathic hypertrophic subaortic stenosis. In 
patients who have atrial fibrillation with rapid 
ventricular response, a digitalis preparation 
should be used before therapy with Dobutrex is 
instituted. For warnings, precautions, and 
adverse reactions, see the brief summary of 
prescribing information. 

Because of the rapid onset and brief duration 
of action of Dobutrex, precise adjustment of 
cardiac stimulation is possible by regulation of 
the rate of administration. As a result, when 
undesirable effects arise, temporary 
discontinuation of the infusion or reduction in 
dosage will generally reverse the adverse 
conditions. No additional remedial measures 
are usually necessary. 


References: 
1. Circ. Res., 36:195, 1975. 
Circulation, 55:375, 1977. 
. Anesthesiology. 44:281, 1976. 





4. Intensive Care Med. 3:57, 1977 
5. Circulction, 56:468, 1977. 
6. Br Heart J., 37:629, 1975. 
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For I.V. injection 
250 mg* in 20-ml vials 
*Eguivalent to dobutamine 


Please see following page 
for brief summary of 
prescribing information 


Eli Lilly and Company 
MC-897 

PO. Box 618 

Indianapolis, Indiana 46206 


Please send me additional information regarding 
Dobutrex® (dobutamine hydrochloride, Lilly). 


Name 
Address 
City y 


State Zip Code 
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Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) s indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

in patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior ~o instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
traphic subaortic stenosis. 


Warnings: 1. /ncrease in Heart Rate or Blood 
Pressure —Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent nave had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptiy. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricu ar response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk o* developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. in addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible fo aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction — Clinical experience with Dobu- 
trex following myocardial in*arction has 
been insufficient to establish the safety of the 
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Dobutrex: 


Dobutamine HCI 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy —Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or terctogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use —The safety and effective- 
ness of Dobutrex for use in children have not 
been studied. 


Drug Interactions —There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs. including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atrepine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, c lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients (See Warnings re- 
garding exaggerated chronctropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 


Miscellaneous Uncommon Effects —The 
following adverse effects nave been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laborctory values attribut- 
able to Dobutrex have beer observed. 


Longer-Term Safety— infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardic, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usuaily no additional re- 
medial measures are necessary 


1 e 


Administration and Dosage: Reconstitution 
and Sfability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex moy be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051 Dobutrex, 250 mg. If the material is 
not completely dissolved. add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
lutec to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions shoulc be used 
within 24 hours. 

Solutions cortaining Dobutrex may exhibit 
a color that, if present, wil! increase with time. 
This color change is due to slight oxidation of 
the drug, but fhere is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommenaed Dosage The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occosions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect 

Rates of Infusion for Concentratiors of 
250, 500, and 1000 mcg/ml 
Drug Delivery Infusion Delivery Rate 


Rate — 250 mcg/ml* 500 mog/mit 1000 meg/mit 
(mcg'kg/min) (mi’kg/min) (ml/kg/min) (ml/kg/min) 


2.5 2.01 0 005 0.0025 
5 2.02 0.01 

y.5 2.03 0.015 

10 0.04 0.02 

12.5 0.05 0.025 

15 2.06 0.03 


* 250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 ml of diluent 
11000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration anc the dura- 
tion of therapy should be adjusted accord- 
ing to the patient's response, as Getermined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of centra. venous or 
pulmonary wedge pressure and cordiac 
output. 

Concentrations up to 5000 mog/ml have 
been administered to humans (250 mg/50 
ml). The final volume administerec should be 


determined by the fluid requirements of then 


patient. [081675] 


Additional information cvailable to 


Lilly the profession on request 
Eli Lilly and Company ( 
Indianapolis, Indiana 46206 
90028E 
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THE 


PRE-EXCITATION SYNDROME: 


FACTS AND THEORIES 
Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, Tel 
Hashomer, Univer. of Tel Aviv—Sackler School of Medicine, and Visiting Assoc. 
Professor, Dept. of Medicine, University of Alabama 

Henry N. Neufeld, MD, FACC 

Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel 
Aviv—Sackler School of Medicine 


$33.00 SEPTEMBER 1978, 288 PAGES, 110 ILLUS, 1,000 REF. 


Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 1 
cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons Why This is so Essential: 


The 13 Chapters Are a Comprehensive Summary 


. General Considerations 
2. The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 


_ V3 of all pre-excitation cases are misdiagnosed. 3. The Electrocardiogram in the Pre-excitation 
t. 5% to 10% of all tachycardias in adults are produced by pre-excitation. Syndrome: Disturbances of Rate and Rhythm 
C in 2 of all infants under 10 months of age with life-threatening tachycar- 4. Pathology ^ 

dias, the tachycardias are actually secondary to pre-excitation. 5. Noninvasive Methods of Investigation 
C V3 to Ve of all children with pre-excitation have an additional heart dis- 6. Invasive Methods of investigation 

ease. 7. Prognosis 

i: 8. Treatment 

Starting with Wolff, Parkinson and White's classic paper, this book gives a 9. Problems of Diagnosis — Some Illustrative 
comprehensive summary of all important facts of pre-excitation, plus the Cases 
authors personal experiences of follow-up studies of patients through 10. Summary of Findings and Theories of Pre- 
many decades. It also brings a broad view of the literature and discusses excitation Syndrome 
the different structural and physiological aspects which form the 11. Concept of Interacting Structural and Func- 


pathomechanism of pre-excitation. 


tional Factors 
12. Explanation of Some Phenomena of the Pre- 


"What is offered richly in this book is a methodical and comprehensive analysis of excitation Syndrome by the Proposed Concept 
virtually all currently available knowledge on the subject. This is done with an admirable 13. Various QRS Patterns in the Different Forms 
even-handedness, dealing objectively with all viewpoints but at the same time eval- of Pre-excitation 


uating relative strengths and weaknesses of each observation and hypothesis. There is 

brought a wisdom here which only time and experience can provide. The encyclopedic 

references alone would make the book invaiuable to anyone seriously interested in the i 

Wolff-Parkinson-White syndrome. But when knowledgeable discussion and personal Obtain your copy of 


observations are added, it is genuinely a monumental contribution to clinical cardiology THE PRE-E XCITATION S YNDROME 


and cardiac electrophysiology. " 
Thomas N. James, MD 


The Mary Gertrude Waters Professor of Cardiology 
and Chairman of the Department of Medicine, 


The University of Alabama in Birmingham, 


and Physician-in-Chief, University of Alabama Hospitals 


Yorke Medical Books 
666 FIFTH AVENUE, NEW YORK, N.Y. 10019 


Please send me a copy of THE PRE-EXCITATION SYN- 
DROME at $33.00. | may use the book for 30 days and if 
not completely satisfied, return it for full credit or refund. 


~ Sy 


on approval for 30 days 
by sending in 
the order form TODAY 


AJC-9/79 


O Bill me plus cost of shipping 
[; Payment enclosed, publisher pays for shipping 
[] Charge my credit card Expire date 
O MasterCharge O Visa 
Card No. 


New York residents add sales tax. Outside Western Hemisphere prepay in 
U.S. funds or charge te credit card and add $5.00 per copy 
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Litepak and Physio-Control are 
**0 


Why we made it in two parts. 


The Physio-Control Lifepak 6 defibrillator/monitor 
is divisible. Press a latch and it slides apart to 
become two completely self-contained, self- 
powered units: A powerful DC defibrillator. 
A sophisticated, diagnostic-quality monitor. 
Why? For versatility. For flexibility. For portability. 
And for economy. Because it is divisible, each unit 
can be used in a different way in a different place 
but at the same time. Because it is divisible, each 
unitcan be quickly detached for easier portability 
in a hurry by one person, or by two persons. And 
because it is divisible, you can buy as many of 
each unit as you really need — several monitors 
and only one defibrillator for use in an Emergency 
Department or Recovery Room for example. 
The Physio-Control Lifepak 6 acute cardiac 
care system. Designed to be divisible. Designed 
to be twice as effective. 


registered trademarks of Physio-Control Corporation. World leader in acute cardiac care systems 
434 Mlle uu DASA Radmand Wachinatan AROSI 2061 883-1181/ Telex 32 0166 Cable PHYSIO/RED 


Only Physio-Control 


makes the Lifepak: å 
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Potassium with nothing to hide 


There's no longer any need to try to hide the taste of 
potassium chloride— because KAON-CL TABS have no taste. 
Thus your patients who can't or wont take liquid supplements have an 
acceptable alternative that enables them to get the potassium they need. 















Wax-matrix tablets minimize likelihood of GI complications. 
The special wax matrix used in KAON-CL TABS permits gradual release of 
potassium chloride in the GI tract. Because the potassium is slowly released, 
the possibility of high localized GI concentrations is limited. The reported 
frequency of Gl lesions with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of GI bleeding 
reported with KAON-CL TABS to date and no reports of small bowel 
stenosis or ulceration. However, clinical experience is insufficient at this time 
to indicate chat the incidence is other than the stated numerical ratio. 


Logical, easily adjustable dosage. One tablet t.i.d. provides 20 mEq 
of potassium, the amount generally considered necessary for prevention of 
hypokalemia. Two tablets t.i.d. provide 40 mEq of potassium, usually 
adequate for the treatment of mild potassium depletion. Dosage should be 
adjusted to individual patient needs. In cases of more severe potassium 
depletion, 100 mEq daily or more may be required. 


Patients stay on 


ON-CLTABS 


(potassium chloride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 
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BRIEF SUMMARY : 

KAON-CI TABS® (potassium chloride) Controlled Release Tablets 

Description: Kaon-Cl Tabs is a sugar coated (not enteric-coated) tablet contain- 

ing 500 mg potassium chloride (equivalent to 47 mEq potassium chloride) in a 

wax matrix. This formulation is intended to ira a controlled release of 

tassium from the matrix to minimize the likelihood of producing high 
ocalized concentrations of potassium within the gastrointestinal tract. 

Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC 

ULCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 

CHLORIDE PREPARATIONS, THESE DRUGS SHOULD BE RESERVED 

FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO 

TAKE inh OR EFFERVESCENT POTASSIUM PREPARATIONS OR 

FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 

WITH THESE PREPARATIONS. 

1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis, in digitalis intoxication and in patients with hypokalemic familial 

riodic paralysis. 

2. For the prevention of potassium depletion when the dietary intake is 
inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of 
aldosterone excess with normal renal function, potassium-losing nephro- 

thy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a 
normal dietary pattern. Serum potassium should be checked periodically, 
however, and if hypokalemia occurs, dietary supplementation with potas- 
sium-containing odi may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 

_ Contraindications: Potassium supplements are contraindicated in patients with 
hyperkalemia since a further increase in serum potassium concentration in such 
atients can produce cardiac arrest. Hyperkalemia may complicate any of the 
following conditions: Chronic renal failure, systemic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 

adrenal insufficiency, or the administration of a potassium-sparing diuretic (e.g., 

spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced esophageal ulcer- 
ation in certain cardiac patients with esophageal compression due to enlarged left 
atrium. Potassium supplementation, when indicated in such patients, should be 
with a liquid preparation. 

All solid dosage forms of potassium chloride supplements are contraindicated 
in any patient in whom there is cause for arrest or delay in tablet passage through 
the gastrointestinal tract. In these instances, potassium supplementation should 
be with a liquid preparation. 

Warnings: erkam patients with impaired mechanisms for excretin 

potassium, the administration of potassium salts can produce hyperkalemia a 

cardiac arrest. This occurs most commonly in patients given potassium by the 

intravenous route but may also occur in patients given potassium orally. 

Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use 

of potassium salts in patients with chronic renal disease, or any other condition 
which impairs potassium excretion, requires particularly careful monitoring of 
the serum potassium concentration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics—Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (e.g., spironolactone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 

Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic 
and/orulcerative lesions of the small bowel and deaths. These lesions are caused 
by a high localized concentration of potassium ion in the region of a rapidly 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
hemorrhage, or perforation. Kaon-Cl Tabs (potassium chloride) is a wax-matrix 
tablet formulated to provide a controlled rate of release of potassium chloride and 
thus to minimize the possibility of a high local concentration of potassium ion 
near the bowel wall. While the reported frequency of small bowel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 
associated with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
tions are not enteric-coated and release potassium in the stomach, there have 

n reports of upper gastrointestinal bleeding associated with these products. 

The total number of gastrointestinal lesions remains less than one per 100,000 
patient years. Kaon-Cl Tabs should be discontinued immediately and the 
possibility of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrointestinal bleeding occurs. 

Metabolic Musis Hypolkalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 

tassium citrate, potassium acetate, or potassium gluconate. 

recautions: The diagnosis of potassium depletion is ordinarily made by 
demonstrating hypokalemia in a patient with a clinical history suggesting some 
cause for potassium depletion. In interpreting the serum potassium level, the 
physician should bear in mind that acute alkalosis per secan produce hypokalemia 
in the absence of a deficit in total body potassium while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the 
presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
uires careful attention to acid-base balance and appropriate monitoring of 
serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: The most common adverse reactions to oral potassium salts 
are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
due to irritation of the gastrointestinal tract and are best managed by di uting the 
preparation further, taking the dose with meals, or reducing the dose. 

e most severe adverse effects are hyperkalemia (see Contraindications, 
Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
ration (see Warnings). 

rdosage: The administration of oral potassium salts to persons with normal 

exeretory mechanisms for potassium rarely causes serious hyperkalemia. How- 
ever, if excretory mechanisms are abea or if potassium is administered too 
rapidly intravenously, potentially fstal hyperkalemia can result (see Contraindi- 
cations and Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum potassium 
concentration and characteristic electrocardiographic changes (peaking of T- 
waves, loss of P-wave, depression of S-T segment, and prolongation of the QT 
interval). Late manifestations include muscle-paralysis and cardiovascular col- 
lapse from cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

l. Elimination of foods and medications containing potassium and potas- 

sium-sparing diuretics. 

2. Intravenous administration of 300 to 500 ml/hr of 10% dextrose solution 

containing 10-20 units of crystalline insulin per 1,000 ml. 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 

In treating hyperkalemia, it should be recalled that in patients who have been 
stabilized on digitalis, too rapid a lowering of the serum potassium concentration 
can produce digitalis toxicity. 

Caution: Federal law prohibits dispensing without prescription. 
How Supplied: Bottles 1000. 
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= Nitrates are the first line of defense 
/ against angina pectoris. 


= The therapeutic goal of oral nitrate 


therapy is an angina-free patient. 


= Titration of dosage is often necessary 
to reach a pain-free state. 
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Pericardial effusion, short axis view 


the entire adult heart— parasternal 
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two dimensional images. 
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